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The Vital Recess of this Meeting - HI-TORQUE® by Voi-Shan 


No one leaves the room during this recess discussion. The Hi-Torque high performance recess deserves the wide 
acceptance it has received in the aerospace industry. The following facts are evidence of this important statement: 

■ "No misfits"— a driver-recess combination of perfect mating. ■ Cam-out and driver slippage prevented— driver locks 
into recess when torque is applied. ■ 7' misalignment allowance between driver and recess is built into design of 
Hi-Torque. ■ Cracked recesses, which are not always apparent, are eliminated— Hi-Torque recess is milled, not forged. 

■ Over 200% of standard torque values can be applied to any given fastener when Hi-Torque recess is used. 

■ Full head strength and head to thread balance is an inherent feature due to Hi-Torque's shallow arcuate recess and 
its uninterrupted grain flow in the head-to-shank area. ■ Risk of damage to adjacent structure or surface is eliminated. 

■ Sealants to provide an aerodynamic surface are easily retained In Hi-Torque's recess. ■ High reusability factor due 
to unique shape of the recess which gives positive locking inward thrust during driving or removal. 

Hand and power drivers are readily available from Voi-Shan. The Hi-Torque recess can be applied to all materials 
including the difficult to work Refractories. Hi-Torque is available in diameter sizes V thru 2" in flush and protruding 
head styles. Various NAS standards, plus specials and the superior self-locking combination: Hi-Torques with Long 
Lok inserts are available from stock. For detailed information on this and other Voi-Shan quality products write on 
your letterhead to: 

VOI-SHAN MANUFACTURING COMPANY 

8463 HIGUERA STREET. CULVER CITY, CALIFORNIA 
A DIVISION OF VSI CORPORATION 



University surveys indicate: 


STARTING SALARIES 
OF ENGINEERS 
ARE DECEPTIVELY HIGH 


By James M. Jenks 


T wo separate studies of the salaries made by college 
graduates appear to contradict the commonly held 
belief that engineers today make out better financially 
than their classmates who major in non-technical 
subjects. 

Both surveys were conducted by large universities. 
The first polled graduate engineers; the second, com- 
pany executives. And both resulted in identical find- 
ings! That is, the average engineer today — despite a 
deceptively high starting salary— climbs fast but not far. 

The need for technically trained men in recent years 
has exceeded the supply to such an extent that com- 
panies have been forced to bid for their services— to 
actually set-up “recruiting" offices on college campuses 
all over the country. Thus, starting salaries have gone 
up and up. But the income ceiling for these technically- 
trained men is lower than that for managerial personnel. 

Despite the substantial head start engineers have, the 
differential in money earned over a ten-year period 
averages out at $7,000 more for the management man. 

And from the tenth year on, the administrator’s salary 
obviously outstrips that of the engineer by a wider and 
wider margin. 

This, of course, is not to say that engineering students 
would be wise to shift to the study of business adminis- 
tration— or that working engineers face a bleak future. 
Quite to the contrary, the continuing growth of tech- 
nology means that men with technical backgrounds are 
as ideally qualified for the highest rewards industry has 


to offer— if they also have a knowledge of the under - 
lying principles of business. 

FREE .. “FORGING AHEAD IN BUSINESS" 

If you want to avoid the thorny barriers to success— 
if you’re ambitious, determined to move up fast— send 
today for the Institute’s 48-page descriptive booklet, 
"Forging Ahead in Business". 

It explains what a man must know today to make 
815,000 or more a year . . . what he must do to accumu- 
late this knowledge. It tells why men of equal ability 
fare so differently in the race for better jobs and bigger 
salaries. It analyzes the causes of failure . . . the reasons 
for success. And it outlines an executive-training pro- 
gram which is so complete and so scientific that each 
day subscribers are brought a little closer to a mastery 
of business procedures. 

There’s no charge for “Forging Ahead in Business.” 
And no obligation . . . other than the obligation to read 
it thoughtfully, and decide for yourself whether the 
training it describes is meant for you. To obtain your 
complimentary copy, simply fill out and return the 
coupon. It will be mailed to you promptly. 

ALEXANDER HAMILTON INSTITUTE 

235 EasI 42nd Street, New York 17, New York 


ALEXANDER HAMILTON INSTITUTE 
Dept. 452, 235 East 42nd Street 
New York 17, New York 



Home Address. 





NOW 

EXTRUSION 


Only at Wyman-Gordon do adequate forging facilities and mate- 
rials research exist for developing such significant advances in 
propulsion hardware as these extruded cases. The nuclear vehicle 
fuel chamber and ICBM second stage cylinder, in current pro- 
duction, merely demonstrate the extent to which strength-to- 
weight ratio, structural integrity and burst/working pressure can 
be improved in far larger designs through weld elimination . . . 
and superior qualities imparted to the metal by extremely high 
reduction ratios of single-pass extrusion. Further to improve per- 
formance, integral heads, closures or flanging can be extruded onto 
cases within present dimensional range. Extending diametral 
limits into the 120" booster class awaits only modifications to 
existing furnace capacities. For expert counsel on extruding your 
designs, contact Sales Manager Missile 8c Aerospace Products. 



AEROSPACE CALENDAR 


(an. 21-22— Annual Meeting, Assn, of L. 
Transport Airlines, National Avial 
Club, Washington, D. C. 

|an. 21-23— 31st Annual Meeting (indue 
Wright Brothers Lecture), Institute 
the Aerospace Sciences, Hotel Astor, h 
York, N.Y. Honors Night Dinner, Jan. 
Jan. 21-24— 43rd Annual Meeting, Ameri 
Meteorological Society, New York, N. 
Jan. 22-24-Ninth National Symposium 
Reliability and Quality Control, Sheral 
Palace Hotel, San Francisco, Calif. 
Jan. 24-Sixth Convertible Aircraft C 
gress, Franklin Institute, Philadclp 
Sponsor: Convertible Aircraft Pioneer 
Jan. 28-Fifth Annual Aimy Aviation C 
tract Services Symposium, Intematii 
Inn, Washington, D. C. Sponsor: 
tional Aeronautical Services Assn. 

Jan. 30-Feb. 1-Fourth Annual Solid I 
pcllant Rocket Conference, Amer 
Rocket Society, Bellevue Stratford H 
and The Franklin Institute, Phfladelp 


tion on Military Electronics, Institute of 
Electrical and Electronics Engineers. Am- 
bassador Hotel, Los Angeles, Calif. 

Feb. 1— Fundamental Phenomena in the 
Material Sciences Symposium, Hotel Sher- 
aton Plaza, Boston, Mass. Sponsor: Ilikon 
Corp. 

Feb. 5-6— Symposium on Engineering for 
Major Scientific Programs, Georgia Insti- 
tute of Technology, Atlanta, Ga. 

Feb. 5-7— Advances in Metalworking Semi- 
nar, American Society of Tool and Manu- 
(Continued on page 7) 




...and the new 


AG AS WITCH* 

provides high-accuracy delayed 
switching from .03 to 180 seconds 


No coils, transistors or current — 
no motors, gears or clutches to wear 


Here's the most accurate and reliable time/delay/switch ever designed for manual 
operation! The new miniature AGASWITCH is activated at a touch of the button 
. . . delay is controlled by the patented AGASTAT® pneumatic timing head. Once 
started, the cycle continues to completion with high-accuracy repeatability, regard- 
less of electrical or environmental variations. 

AGASWITCH is supplied with fixed delays or any of five adjustable ranges cover- 
ing a total span from .03 to 180 seconds. One to four pole switch models are avail- 
able. with capacities to 10 amps at 28vdc or 1 15vac, both resistive. In standard units 
the switch transfers when the button is pressed, timing starts when button is released, 
and the switch returns to its initial position at the end of the delay period. 

An exclusive "positive cycle" action can also be supplied, in which the switch 
transfers and timing starts simultaneously when the button is pressed, and no inter- 
ruption of the timing cycle is possible until the switch returns to its initial position. 

Hermetically sealed (MIL Spec) as well as unsealed models arc immediately avail- 
able from AGASTAT-leader in time delay instrumentation for over 30 years. Write 
Dept. All l, for specifications or engineering assistance on your specific requirements. 


nPAOTAT TIMING INSTRUMENTS 

UI]Uq|U| ELASTIC STOP NUT CORPORATION OF AMERICA 

XfcS/ ELIZABETH DIVISION ■ ELIZABETH 3, N. J. 
IN CANADA: esna canaoa. ltd.. ia gower st.. Toronto ib. Ontario. Canada 
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YOU CAN GET ANOTHER COMPUTER TO DO WHAT THE 

RPC-4000 


DOES-FOR ONLY TWICE AS MUCH MONEY. 


These performance specifications need no elaboration. □ 8008 word, 72,000 digit memory with special fast 
access features. Computer speeds of up to 230,000 operations per minute. 30,000 characters per minute in- 
put-18,000 characters per minute output. □ Which adds up to the largest memory, greatest problem- 
solving capacity and flexibility in the low- or medium-priced field. It's actually a desk-size transistorized com- 
puter with room-size computer capacity. □ Performance is formidable-operation isn’t. Even non-technical 
personnel can program and operate the RPC-4000 at optimum levels. You can easily master it yourself in one 
day-and free yourself forever from dependence on a computer specialist. (More than 3000 students were 
taught programming in less than one day with PINT, an interpretive routine developed especially for the 
RPC-4000 by Purdue University. A film of this training will be shown on request). The RPC-4000 plugs into con- 
ventional outlet, requires no expensive installation. □ All this plus a Library of Programs for the RPC-4000. 
It is the most extensive in this computer class — and may well include the program you need. Programs for 
Fortran and other computer languages also ready to go, as well as PERT programs. Here alone are possible 



major savings. □ Only one other desk-size computer gives so much value per dollar. And that's the LGP-30 
—little brother (or sister) to the RPC-4000 and the most powerful, biggest memory, complete computer sys- 
tem in its class, at $1100 per month rental. For more information about rental or purchase, write Commercial 



© 01 RQ GI 
PRECISION 


COMMERCIAL COMPUTER DIVISION/GENERAL PRECISION, INC. /BURBANK, CALIFORNIA 


AEROSPACE CALENDAR 

(Continued from page 5) 
touring Engineers, Park Sheraton Hotel, 
New York, N. Y. 


Feb. 11-15-Third International Symposium 
on Quantum Electronics. UNESCO 
Building, Paris, France. Sponsors: Inter- 
national Scientific Radio Union; Office of 
Naval Research; La Federation Nationale 
Des Industries Elcctroniqucs. 

Feb. 12-13— Space Vehicle Thermal and At- 
mosphere Control Symposium, conducted 
by the Aeronautical Systems Division, 
Engineers Club, Dayton, Ohio. Sponsor: 
ASD's Flight Accessories Laboratory. 

Feb. 15-Apr. H-Intcrnatioual Aeronautics 
and Space Fair. Congresses and Compe- 
titions. Ibirapnera Park. Sao 


p. 20-22-1963 I: 
; Confcrci 


Feb. 21-22— Western 

Flamingo Hotel. Lai 
Mar. 3-7— Seventh Am 
Turbine. Aviation : 
l Socict 


rnational Solid-State 
. Philadelphia. Pa. 
Electrical and Elcc- 




f Mccl 


neers, Statler Hilton Hotel. Los Angeles. 

Mar. 7-8— Propulsion Meeting. Institute of 
the Aerospace Sciences, Cleveland, Ohio. 

Mar. 11-13— Electric Propulsion Conference. 
American Rocket Society. Broadmoor 
Hotel, Colorado Springs. Colo. 

Mar. 18-20— Space Flight Testing Confer- 
ence, American Rocket Society and Insti- 
tute of the Aerospace Sciences, Cocoa 
Beach, Fla. 

Mar. 18-21—1963 Western Metal Exposi- 
tion and Congress, Pan-Pacific Audito- 
rium and Ambassador Hotel, Los An- 
geles. 

Mar. 19-21— Second Air Force-sponsored 
Symposium on Bionics. Biltmorc Hotel, 
Dayton, Ohio. 

Mar. 25-28— International Convention, Insti- 
tute of Electrical and Electronics Engi- 


Socicty and It 
Sciences, El M 
Apr. 2-3-Eighth 
Safety St 


ado Hotel, Palm Springs. 


y Seminar, Flight Safety Founda- 
Barbizon Plaza, New York, N. Y, 
npr. z-5— Spring Conference. Airport Oper- 
ators Council, Shorcham Hotel, Washing- 
ton, D.C. 

Apr. 10-11— Fourth Symposium on Engi- 
neering Aspects of Magnetohydrody- 
namics, University of California, Berkeley. 

Apr. 15-17— Hypersonic Ramjets Confer- 
ence, American Rocket Society and 
American Society of Mechanical Engi- 
neers, Naval Ordnance Laboratory, White 
Oak, Md. 

Apr. 17-19— International Nonlinear Mag- 
netics (INTERMAC) Conference. Insti- 
tute of Electrical and Electronics Engi- 
neers, Shorcham Hotel, Washington. 

(Continued on page 9) 



TEKTRONIX DUAL-BEAM OSCILLOSCOPE 


FOR COMPUTER STORAGE-UNIT CHECKS 


ses a Tektronix 
magnetic-core 
most powerful 
of the six units 
ng 98,304 words 


At Los Alamos Scientific Laboratory, an Engine 
Type 555 Dual-Beam Oscilloscope to check 
jBfTDU/ storage units in Stretch, reputed to be the woi 
' computer. Upper trace is a storage pulse from 

which constitute the basic memory, capable of storing 
of information, equivalent to more than 1 ,500,000 decimal units— with 
able electronically from any unit in approximately 2 microseconds, 
is free-running, awaiting the next storage pulse switched in by thi 
speed computer. 


For example, you can control either or both beams with either time-base generator. 
You can operate one time-base unit as a delay generator— hold off the start of any 
sweep generated by the other for a precise interval from one-half microsecond to 
50 seconds— and observe both the original display and the delayed display at the 
same time. You can interchange any combination of 17 "letter-series" plug-in units 
for signal-handling ease and versatility in waveform-comparison analyses, such 
as dual-beam pulse-sampling . . . fransistor-risetime testing . . . semiconductor- 
diode-recovery-time studies . , . strain gage and other transducer measurements 
. . . differential-comparator applications ... as well as multiple-trace work in 
general laboratory experiments. 

Type 555 (without preamplifiers) . . . 52650 

Includes Indicator Unit, Power Unit, 2 Time-Base Units, 4 Probes, 
Time-Base Extension, 7 other accessories. 


Tektronix, Inc. 

P.O.BOX BOO ■ BEAVERTON, OREGON / Mitchell 4-016! ■ TWX-603-29I-6S06 • Ceble: TEKTRONIX 
OVERSEAS DISTRIBUTORS IN IT COUNTRIES AND HONOLULU. HAWAII 
Tektronix Field Offices are located in principal cities throughout the United States. Please 
consult your Telephone Directory • Tektronix Canada Ltd: Field Offices in Montreal, Quebec • 
Toronto (Willowdale) Ontario • Tektronix International A.G., Terrassenweg 1A, Zug, Switzerland 
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VENUS CALLING: MESSAGE 1 


Mariner II, this nation's most sophisticated deep space probe, will give us 
our first close look at Venus. Yet, the signal from Mariner II will be only 
0. 1 micromicrowatt when it reaches the big dish antenna at Goldstone, Calif. 
Tiny signals of this magnitude will be amplified by the new MEC maser 
which Jet Propulsion Laboratory will install on the antenna. This traveling 
wave maser designed for field operation operates in a closed cycle refrig- 
erator and provides 26 db gain in S band at a temperature of 4.3” K. Opera- 
tionally designed and developed by our R & D department, the MEC maser 
is available on the open market with this combination of features. 

Other MEC masers offering up to 30 db gain over a 100 Me bandwidth 
and a 10 Me instantaneous bandwidth are available for L, C, and X band 
operation. 

If you have problems involving sophisticated microwave devices demand- 
ing capability in maser techniques, magnetic resonance, cryogenics, spe- 
cial purpose metal-ceramic traveling wave tubes, perhaps we can be 
of assistance. 



AEROSPACE CALENDAR 

(Continued from page 7) 

Apr. 17-19— Southwestern Conference and 
Electronic Show. Institute of Electrical 
and Electronics Engineers, Dallas Me- 
morial Auditorium. Dallas. Tex. 

Apr. 17-19— Technical Meeting: Nuclear 

can Nuclear Society, Sutherland' Hilton 


Apt. 22-24— Second Manned Space Flight 
Symposium, Institute of the Aerospace 
Sciences in cooperation with NASA and 
AFSC. Dallas. Tex. 

Apr. 22-24— Third Annual San Diego Sym- 
posium for Biomedical Engineering. Del 
Webb's Oceanhouse. San Diego, Calif. 

Apr. 24-26-Sixth Region Technical Confer- 
ence. Institute of Electrical and Electron- 
ics Engineers. San Diego. Calif. 

Apr. 29-May 2— 22nd Annual National Con- 
ference. Society of Aeronautical Weight 
Engineers. Shcraton-Jcfferson Hotel. St. 

Apr. 29-May 3-Annual Conference, Society 
of Photographic Scientists and Engineers. 
Ambassador Hotel, Atlantic City, N. J. 
Cosponsor: Army Research Office. 

May 1-3—1 9th Annual National Forum, 
American Helicopter Society, Sheraton 
Park Hotel, Washington, D.C. 

May 2-Bioastronautics Conference, Ameri- 
can Rocket Society and Aerospace Medi- 
cal Assn., Los Angeles, Calif. 

May 2-3— Fourth National Symposium on 
Human Factors in Electronics, Institute 
of Electrical and Electronics Engineers, 
Marriott Twin Bridges Motel. Washing- 
ton, D. C. 

May 5-8-1963 Annual Conference, Ameri- 
can Assn, of Airport Executives, Galt 
Ocean Mile, Beach Club and Coral Ridge 
Hotels, Fort Lauderdale, Fla. 

May 6-8— Aerospace Reliability and Main- 
tainability Meeting, Institute of the Aero- 
space Sciences, Washington, D.C. 

May 7-9— Electronic Components Confer- 
ence, Institute of Electrical and Electron- 
ics Engineers. Marriott Twin Bridges Mo- 
tel, Washington. 

May 13-15-National Aerospace Electronics 
Conference, Institute or Electrical and 
Electronics Engineers-lnstitute of the 
Aerospace Sciences, Dayton, Ohio. 

May 15-17— Connecticut General Flight 
Forum’s Second National Symposium on 
Air Transportation, Hartford. Conn. 

May 20-22-National Symposium on Micro- 

o7 V Electrira7 and ElSronlcs^Engineers! 
Miramar Hotel, Santa Monica, Calif. 

May 20-22— National Telemetering Confer- 
ence, Hilton Hotel, Albuquerque, N. M. 

May 21-23— Spring Joint Computer Confer- 
ence, American Federation of Informa- 
tion Processing Societies, Cobo Hall, 
Detroit, Mich. 

May 27-28— Seventh National Conference 
on Product Engineering & Production, 
Institute of Electrical and Electronics En- 
gineers, Continental Hotel, Cambridge, 
Mass. 

June 7-16— 25th French International Air 
Show, Le Bourget, Paris, France. 



reliable heat exchangers 

Check with Janitrol the next time you want an oil cooler or heat 
exchanger. The biggest reason is reliability. The ability to produce 
production units with the same high quality of the prototype begins 
with our ability to form foil-thin sheets of stainless steel, titanium and 
aluminum. We use new techniques for creating optimum heat transfer 
surface and structural strength in a wide variety of ways. We make heat 
exchangers and heat transfer systems for liquid/liquid, liquid/air, and 
air/air for both high temperature and cryogenic applications. 

Ask Janitrol for a proposal when you need heat exchanger reli- 
ability on your aircraft, missile, ground support, or electronics cooling 
project. Request Bulletin JA-141 from Janitrol Aero Division, 
Midland-Ross Corporation, 4200 Surface Road, Columbus 4, Ohio. 



A division of Midland-Ross Corporation Cyjf® 
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The Goddard "8 by 8” (8 ft. in diameter and 8 ft. long) horizontal test chamber 
is one of the key elements in the spacecraft testing program at NASA’s Goddard 
Space Flight Center, Greenbelt, Maryland. 

This Stokes-designed and Stokes-built thermal-vacuum unit was the first large space 
simulation facility installed at Goddard for testing unmanned vehicles under the 
full range of thermal and vacuum conditions, and is the largest presently in use 
there. It has a vacuum capability of 1 x 10- 7 Torr (200-mile altitude) under full 
load conditions, and is equipped with a heat transfer system capable of handling 
radiant wall temperatures from — 65°C to 100°C. 

Goddard’s "8 by 8” will continue to serve in the Space Flight Center's highly 
successful reliability testing program until the larger test and evaluation labora- 
tories now under construction go into service early in 1963. Major space test 
chambers of this facility, which is expected to set the most advanced standards for 
spacecraft check-out, are two 35 ft. diameter, 60 ft. high thermal-vacuum environ- 
ment simulators. Stokes was selected as the prime contractor to NASA for complete 
vacuum and cryogenic systems for these huge chambers. 

We welcome your inquiries regarding our capabilities and facilities for designing, 
fabricating, and erecting simulation facilities well in advance of the state-of-the-art, 
or any portion of a simulation project requiring high-vacuum and cryogenic systems. 
Space Systems Department, F. J. Stokes Corporation, 5500 Tabor Road, Philadelphia 20, Pa. 
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Out and Back.USAF's X-20 Dyna-Soar will be captured on re-entry and precisely guided to touchdown by 
a Sperry microwave aerospace terminal control system. oNASA's moon-bound Apollo will receive continuous 
on-course data through tiny Sperry inertial devices, part of the MIT- designed guidance sub-system. □ Also for 
NASA, Sperry is studying which jobs man and instruments can do best in space-launch 
vehicles; supplying long-life spectrometers for satellites to measure the gaseous compo- 
sition of space. □ A Lunar Navigation Grid System — lunar surface-sampling and return 
systems — laser-Doppler space rendezvous radar — interplanetary navigation-spacecraft 
stabilization and control — are a few longer-ranged Sperry studies. □ Sperry scientific, sperRy'rand 
management and production skills are teamed for space. General Offices: Great Neck, N.Y . corporation 






A GOOD BREAK FOR OUR CUSTOMERS IS SHOWN BY THIS 


C-M TEST BAR. NOTE THE TYPICAL "CUP-AND-CONE" FRACTURE INDICATIVE 
OF GOOD . ^ METALLURGICAL PRACTICE. 




CANNON-MUSKEGON ALLOYS SUBSTANTIALLY EXCEED THE MINIMUM REQUIREMENTS 
SET UP BY AMS FOR STANDARD ALLOYS, AS YOU CAN SEE; 


CANNON-MUSKEGON 
AVERAGE PROPERTIES 
FOR 17-4PH 


TENSILE STRENGTH 
YIELD STRENGTH 
ELONGATION 
REDUCTION IN AREA 





SUCH CONSISTENTLY HIGH MECHANICAL PROPERTIES CAN BE OBTAINED ONLY THROUGH 
STRICT MANUFACTURING PROCEDURES, CAREFUL ATTENTION TO CHEMISTRY BALANCE 
AND USE OF PRIME MATERIALS. AT C-M, ALL HEATS MEET THE MOST RIGID REQUIRE- 
MENTS. EXPERIENCED PERSONNEL USING THE MOST ADVANCED EQUIPMENT ASSURE YOU 
THE HIGHEST QUALITY ALLOYS YOU CAN BUY. LET CANNON-MUSKEGON SOLVE YOUR 
ALLOY PROBLEMS. 



CANNON-MUSKEGON CORPORATION 

PRODUCERS OF IRON. NICKEL AND COBALT ALLOYS: SHEET. WIRE. BAR. FORGINGS. INGOTS. SHOT 


0455 HOURS 

Everything's Under Control! 



Greenlight ! Robertshaw signals aerospace progress with 
new, beyond-the-art products that share features of 
creativity, reliability and precision. (I) Lightweight reg- 
ulators and valves for missile fuel pressurization control, 
(2) Oxygen control systems for life support, (3) Phase 
keyed MULTILOK communication equipment for binary 
signal transmission. Robertshaw— pacesetter in aerospace 
progress. Details and engineering consultation upon 
request. TWX 714-776-1790. 


S 


XU 




50°fahrenhe/t 



UDIMET N-115 makes possible the first significant increase 
in operating temperatures of jet engines since 1957.* Used 
for forged blading applications requiring extended service 
up to 1850°F, UDIMET N-llSmakes anjdeal material for 
use in jet aircraft and missile components. UDIMET N-115 
is a nickel-base precipitation-hardened alloy, having out- 
standing stress-rupture characteristics, creep resistance and 
high fatigue strength. UDIMET N-115 is available in billet 
and bar stock. For technical data write our Customer Service 
Department. 


SPECIAL METALS, INC. 

NEW HARTFORD, NEW YORK 



•UDIMET 700 developed by SPECIAL METALS in 1957. 



Six reasons why servo designers 
specify INLAND D C TACH GENERATORS 
for both rate and position control systems 


There are more than 6 reasons! in fact, you'll find 
12 pages of them in our new Bulletin 201, just off the 
press. Your copy is waiting for your name and address. 
Meanwhile, let's look at 6 of the reasons why designers 
prefer Inland Pancake D-C Tachometer Generators. 

: High resolution! Feedback from a direct-driven 

tach generator assures optimum system stability 
because it eliminates gear backlash and friction. 

Rapid response! Time constants of less than .001 
second are possible even when tach output is filtered. 

Low ripple voltage is inherent in Inland Tach Gen- 

ripple voltage as low as 0.17c at a basic frequency of 
297 times rotor speed. 


High sensitivity! Inland Tach Generators are now 
serving as rate references for rates as slow as one 

Pancake configuration! Models with axial thick- 
ness ranging from 0.500" to 3.5" in OD’sfrom 1.937" 
to 12.75" and weights from 0.32 to 40 pounds over- 
come stringent weight and space limitations. This 
compact design, common to both Inland Tach Gen- 
erators and Torquers, allows their integration as 
space-saving Tach-Torquer units for servo loops. 
Long operational life! Like their torque motor 
counterparts. Inland Tach Generators deliver up to 
10,000,000 revolutions with low-noise wire brushes 
. . . more than 100,000,000 with silver graphite 
brushes. 

Get all the facts about Inland Pancake D-C Tachom- 
eter Generators. Write for Bulletin 201 today. 


% INLAND MOTOR 


KOLLMORGEN CORP. 




THE FLEXIBLE MEN Never has man faced so formidable a combination of unknowns as in the exploration 
of space. It is a challenge that demands investigation along the entire spectrum of the scientific disciplines; it repre- 
sents a compendium of scientific thought that is being revised and refined hour by hour... by men of widely 
diverse scientific backgrounds. 

And out of the interplay among all the disciplines represented, a new breed of scientific men is emerging. 

They are men of curiously intermixed scientific talents. Men with an insatiable curiosity— not only in their own 
field, but in others. They are cross-pollinators of ideas. The outriders of research and invention. 

They are a catalytic force that is making today's aerospace industry the most dynamic in the history of mankind. 
They are the flexible men. 

North American Aviation is at work in the fields of the future through these six divisions: 
Atomics International, Autonetics, Columbus, Los Angeles, Rocketdyne, Space & Information Systems. 



New miniature, high-power oscillators 
push range to 40 Gc for paramp pumping 


A new family of V band two-cavity klystron oscillators 
provides high power levels for parametric amplifier and 
maser pumping, doppler systems, and FM communica- 
tions systems. These tubes cover the frequencies from 
31 to 40 Gc. You now get off-shelf to 60-day delivery 
of two-cavity oscillators from Sperry Electronic Tube 
Division at any frequency from 12.5 to 40 Gc. 

The unique combination of 500 mW power output 
at frequencies up to 40 Gc, exceptional AM stability, and 
small size is found only in Sperry's two-cavity design. 

These Sperry miniaturized pump tubes weigh just 12 
ounces — yet offer the performance formerly found only 
in much larger, heavier tubes. 

The flat-topped “output power vs. beam voltage” mode 
shape results in outstanding amplitude stability, since 
variations in beam voltage and temperature produce only 
negligible variations in output power. 

Sperry’s two-cavity oscillators deliver power outputs 
ranging from .5 to 2 watts. Typical output at U band 
is 2 watts and at V band, 500 mW. 

Use of two-cavity klystrons also permits considerable 


system simplification, since equipment such as reflec- 
tor power supply, automatic power leveler, and — in 
most applications — automatic frequency control can be 
eliminated. 


For applications where outputs up to 300 mW and 
wide tuning ranges are required, ask about Sperry’s 
tunable, low-voltage reflex klystron pumps. 

A free technical booklet describing the entire Sperry 
line of paramp pump tubes — both two-cavity and reflex — 
is now available. For your copy, write Sperry, Sec. 186, 
Gainesville, Florida, or contact Cain 8t Co., Sperry’s 
national representatives. 
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“Pulse packages” may change radar design techniques 


Final design ol 


ig network 
ilt to precisely match a 


it is arrived at 

ing of both transformer and PFN while 
operating with the specific microwave 
tube type. This assures better pulse 
shape as well as greater stability and 
reliability. 

Now, rather than specifying components 
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Sometimes a minnow outswims a 
whale! 

No one thought our small d-c 
motors could do all we claimed. 
So we gave them away for trial. 
We were the only people not sur- 
prised when our motors performed 
exactly as claimed. 

The problem was the inherent in- 
accuracy of a conventional gov- 
erned motor that couldn't be 
adjusted in flight. Had to be 


grounded and re calibrated quite 
frequently! Was bulky! Heavy! 

We fished around, and came up 
with a whale of a chronometric 
motor. It was half the size and 
weight! Adjustable if necessary! 
Needed little or no maintenance. 
Did everything the larger motor 
did— and better! Unusual? Not at 
The A. W. Haydon Company! 

Our only concern is with time— and 
timing devices. We're confident of 


any product we make. We take 
pride in giving others the same 
confidence in us — and in our 
products. 

Do you have a time problem? 


We have a timely solution! 



AYDON 

COMPANY 
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The aerospace industry can look forward to record 
business in 1963 with sales forecast to edge over $16 
billion. At the same time it will face acute problems 
in handling its principal government customers and 
keeping pace with a galloping technology that will chal- 
lenge its technical resources and management capabili- 

Spacc will continue to be the key to this expanding 
market in 1963. Total space budget for Fiscal 1964 
will top $7 billion with National Aeronautics and Space 
Administration accounting for from S3. 3 to $6 billion 
and military 1 space another $1 .5 billion. Defense budget 
will increase from last year’s $51 billion, with aircraft 
and helicopter development making a comeback and 
the missile market holding strong. Air transport is 
climbing fast out of its initial jet age financial problems 
and appears headed for a period of profit for airline 
managements that have solved the jet equation. Busi- 
ness flying will enter the jet age during 1963 and con- 
tinue its healthy growth. 

For Aviation Week & Space Technology this year 
will also pose a challenge to continue its expansion and 
direction to meet the complex technical and manage- 
ment needs of this ever-changing industry which it serves. 

In 1962. Aviation Week & Space Technology capped 
a decade of leadership in this field and for the last five- 
year period (1938-62) opened the widest margins in our 
history over competitors in editorial excellence, net paid 
circulation of international scope and advertising volume. 

Advertising, Circulation Lead 

During 1962, Aviation Week & Space Technology 
with a net paid circulation of approximately 83.300 and 
4.010 advertising pages led its closest competitor. Space/ 
Aeronautics by approximately 28.000 copies in circula- 
tion and 2,064 pages of advertising*. Aviation Week 
& Space Technology gained SI pages over 1961 while 
Space/ Aeronautics was 237 pages below its 1961 total. 
Aviation Week & Space Technology's margin over 
the third magazine in the field, Missiles and Rockets, 
was approximately 48,000 in circulation and 2,825 pages 
of ads. The next six publications in the field accounted 
for a combined total of 2,552 pages of advertising. As 
an indication of vitality in attracting the newest seg- 
ments of the ever-broadening aerospace technology, 31 3 
new advertising accounts appeared in Aviation Week 
& Space Technology during 1962. 

“All statistics compiled by Research Department. Aviation 
Wi kk & Space Technology. Circulation figures quoted arc 
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The editorial staff expanded its space technology team 
during 1962 to follow the mushroom growth of this field 
and established a full-time staff bureau at Cape Canav- 
eral. The special NASA edition “Spearhead to Space," 
published last July 2, was generally recognized as the 
finest job done to date in this vital area and attracted 
the largest advertising revenue for a single issue in our 

International scope of editorial coverage continued to 
increase in 1962 ranging from the technical aspects of 
the Sino-lndian war, Cuban missile crisis, and joint 
European production program for the Lockheed F-104G 
Starfighter to outstanding technical developments in 
England, France, Germany. Italy and the Soviet bloc. 
The European editorial staff will be expanded further 
in 1963 to match the growing importance of this area 
in the international aerospace market. 

New editorial services were offered the airline industry 
with publication of special operational and financial 
statistics and an International Air Transport issue dis- 
tributed at the International Air Transport Assn, gen- 
eral meeting in Dublin last September. 

Continuing Expansion 

To meet the unremitting demand for Aviation Week 
& Space Technology from key international technical, 
military', government and management personnel we will 
expand net paid circulation to approximately 90,000 by 
the end of 1963. During last year, this magazine's air 
freight delivery service was expanded to service 1 5 Euro- 
pean countries providing delivery equivalent to domestic 
subscribers. 

Aviation Week & Space Technology’s publishing 
philosophy has always been to do whatever is necessary 
to provide the industry it serves with the vital technical, 
economic and political data it requires as fast and accu- 
rately as is humanly possible. It has been a cardinal 
principle that this information must reach our sub- 
scribers fast enough to enable them to utilize it effectively 
in their work. With the help of all facilities of the 
McGraw-Hill Publishing Co., we are constantly explor- 
ing new methods of improving this service. 

The response of the aerospace industry to the pub- 
lishing philosophy and performance of Aviation Week 
& Space Technology during the past decade has been 
extremely gratifying to the editorial, sales, circulation 
and production team responsible for its weekly publica- 
tion. The overwhelming evidence of this response dur- 
ing 1962 has made it possible to plan and execute expan- 
sion and improvement plans for 1963 and future years. 

—Robert W. Martin, Jr. 
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UNIVERSAL CALIBRATING & CONDITIONING 
SYSTEMS FOR VIRTUALLY ALL TYPES OF 
TRANSDUCER SIGNALS 


Astrodata solid state ECAN (Excitation, Cali- 
bration, and Normalization) systems accept 
input signals from virtually all types of instru- 
mentation transducers, and provide normal- 
ized output data in the form of dc voltages 
proportional to input signals. 

ECAN systems are adaptable to a wide range 
of requirements. They can operate with hun- 
dreds of feet of input lines and provide high 
output currents to drive galvanometers, or 


more than a mile of transmission lines. High 
performance characteristics— low noise, broad 
bandwidth and high speed overload recovery- 
permit time-sharing multiplexing. Floating ex- 
citation power supplies are furnished to isolate 
individual channels. 

When you progress from one development pro- 
gram to another, Astrodata ECAN systems can 
be adapted quickly and economically to new 
requirements by simply substituting modules. 
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Four of More Than 50 
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WHO’S WHERE 


In the Front Office 

Maurice T. Moore, attorney, elected a 
director of General Dynamics Corp., New 
York. N. Y., and Max Golden, formerly 
general counsel to the Secretary of the Air 
Force, appointed a special assistant to Gen- 
eral Dynamics President Roger Lewis. 

Gerald E. Donovan, a director, American 
Electronics. Inc.. Fullerton. Calif. (AW 
Aug. 13. p. 23). 

Gen. Thomas D. White (USAF, ret.), a 
director, FMA, Inc., El Segundo. Calif. 

Richard S. Morse, former president of 
National Research Corp.. board chairman 
of the newly formed Cryoneties Corp., 
Burlington, Mass. George Clifford, Jr. is 

officer, and Dr. James Nicol. director of re- 
search. Directors include: Dr. Luis Alvarez, 
University of California; Maj. Gen. Kenneth 
D. Nichols (USA, ret.); John W. Warner, 
attorney; Charles B. Smith, T. F. Walko- 
wic/, associates of Laurance S. Rockefeller. 

David D. Coffin, a vice president, Sanders 
Associates, Inc.. Nashua, N. H„ and man- 
ager of Sanders Advanced Systems Labora- 

Dr. Rolf W. Peter, a vice president. Wat- 
kins-Johnson Co., Palo Alto. Calif. Dr. 
Peter continues as manager of the Electron 
Devices Division. 

Dr. Irvcn Travis will serve as group execu- 
tive of Burroughs Corp.’s new Defense and 
Space Group which includes Burroughs 
Laboratories, Defense and Space Systems 
Management Division. Military Electronic 
Computer Division, Military Field Service 
Division, Control Instrument Division, Dc- 
and Space Systems Marketing 


Conti 


; Admi 


esident of E 


oughs Labor: 


Dr. Travis 


CC ’w. ra Robert Kiefer, vice president-general 
manager of a new Chance Vought Division 
to be established at the Army’s Michigan 
Ordnance Missile Plant. Warren, Mich. 

Fred H. Garcclon, vice president-admin- 
istration. Standard-Thomson Corp., Wal- 

Turco Products. Inc.. Wilmington, Calif. 

W. L. Rose, vice president and general 
manager, Milgo Electronics Corp.. Miami. 

David S. York, a director. Micro Gee 
Products, Inc.. Burbank, Calif., and opera- 
tions manager. Also: Howard R. Bartholo- 
mew, manager-applications engineering. 

Twin Industries Corp., Buffalo. N. Y. has 

N. Smith, vice president and^corporate direc- 
tor of manufacturing; G. R. Hecht, vice 
president and general manager. Aerospace 
Division; J. L. Hcsburgh, vice president and 
general manager, Special Products Division; 
I. O. Kaufman, works manager, Aerospace 
Division; I. M. Turner, assistant corporate 
secretay-van Meciten chjrf dt , jgncr of the 
F-27, has been appointed joint managing 
director of Fokker (Royal Netherlands Air- 
craft Factories Fokker) succeeding Frits J. 
L. Diepen. Dr. J. H. Greidanus succeeds 
Mr. Van Mccrtcn as head of the Design 
Department. 

(Continued on page 114) 


INDUSTRY OBSERVER 

► Special space sensor package capable of detecting nuclear armament aboard 
a satellite is to be developed by an industry' contractor whicli will be selected 
later this winter by Air Force Special Weapons Center, Kirtland AFB, N.M. 
Device probably is intended for use in the revised satellite inspector program. 
Companies believed competing for the program include Aerojet-General, 
Atomics International, General Electric, Giannini Controls, Grumman Air- 
craft, Martin-Baltimore and United Nuclear. Hughes Aircraft had an 
AFSWC contract for such a device in the original satellite inspector program. 

► Russian scientists arc making a detailed study of anti-radiation drugs for 
cosmonaut protection, hoping to be able to reduce necessary spacecraft shield- 
ing weights. Drugs being studied include evstamine, serotonin, and aniino- 
cthyl-isothiuronium. Russians claim ability to predict solar flares, which 
create the radiation hazard, two to three days in advance. Recent studies 
made for National Aeronautics and Space Administration in this country 
indicate that solar flares can be predicted about four days ahead of their 
occurrence using current techniques known here. 

► Newest aerospace plane concept using a tanker vehicle to supply liquid 
oxygen has been presented to Air Force Aeronautical Systems Division by 
Douglas Aircraft Co.’s Aircraft Division. Tanker and primary aircraft would 
take off successively and rendezvous at altitude for transfer of oxidizer. Con- 
cept avoids complications of collection and liquefaction cycle systems. 

► Study effort on Early Spring, an anti-satellite weapon system oriented 
toward Navy applications, lias been accelerated at Ling-Temco-Vought. 
Renewed interest was generated when USAF halted the Saint satellite inspec- 
tor program. Early Spring is company-funded, but Navy may now support 
the work. 

► Industry remains ready to initiate programs for the Navy VAX attack air- 
craft, despite the current static status of BuWeps’ projected program for the 
plane. North American Aviation has a significant inter-divisional study 
underway, and Lockhecd-Califomia has an effort aimed at keeping its VAX 
study current. 

► Study for high-mass fraction solid-propellant rocket motor is expected to 
be completed next month by Lockheed Propulsion Co. for NASA under 
$175,000 contract. Mass fraction is about 0.95 and nozzle expansion ratio is 
approximately 20:1. Application is for booster upper stage; motor will supply 
orbital injection velocity increment. 

► Transponder pod to be used in third and fourth Gemini flights for simu- 
lated rendezvous maneuvers will be developed by Westinghouse Electric 
Corp. under a NASA contract to be awarded soon. Pod will be carried in the 
Gemini adapter section, and will be jettisoned in orbit. After separation, 
the Gemini crew will attempt to acquire the pod with the spacecraft radar 
and to maneuver within visual distance of the pod. Pod will carry a radar 
transponder and a flashing light, and weigh approximately 65 lb. 

► Canadian Pratt & Whitney Aircraft Co.’s PT6 turboprop and turboshaft 
engines have accumulated 6,600 hr. of development ninning time and 11,000 
hr. of component rig testing. Customer installations of the engine have 
logged more than 200 hr. to date. 

► Significant increases in specific impulses of liquid, solid and hybrid rocket 
motors arc the aim of a three-way program now being supported by Edwards 
AFB Rocket Research Laboratory. Proposals for a feasibility demonstration 
of a hybrid motor using propellant enriched with light-metal hydride additive 
are due early next month. That program will be paced by similar Edwards- 
supported efforts using light-metal additives to increase the performance of 
solid and liquid fuels. 

► General Electric Co. is completing a month-long endurance run of a scaled- 
down version of the Gemini fuel cell. Model was made of six cells and used 
hydrogen and oxygen. Operational unit will have 33 cells connected in series 
to form a stack, three stacks connected in scries to form a section, and two 
sections in parallel. Normal output will be 1,200 w., with peak value 2,000 w. 
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Can you think of a more punishing test for landing gear reliability? 


Bringing a plane down on a carrier deck calls for a lot 
more than an ordinary amount of strut strength. Never- 
theless, the durability demonstrated here is designed into 
every strut we build— whether it winds up on a carrier- 
based fighter or a land-based bomber. 

That’s one reason our struts meet the most exacting en- 


gineering specifications. One reason Bendix supplies struts 
for so many military aircraft. 

Bendix® struts are high in strength, light in weight. 
They are designed with special emphasis on durability, 
reliability and economy. May we tell you more? Write to 
Airframe Equipment Sales Manager, South Bend, Indiana. 




Bendix Products Aerospace Division 


DOD’s Bomber Views 


Space Committee Status 


Comsat Corp. Chief 


Cosmic Help for Cuba 


Washington Roundup 

Defense Secretary Robert McNamara will be well prepared for the congressional 
going-over he will get on the Skybolt cancellation (see p. 34). He is expected to empha- 
size that Pentagon planners see no diminishing of the manned bomber’s role in spite 
of the cancellation. He will argue that Minuteman and Polaris missiles can be more 
effective than Skvbolt in clearing out cncmv air defenses prior to penetration by the 
bomber fleet. McNamara is expected to sav' that the strategic life of the bomber will 
depend largely on the durability of the aircraft themselves. 

First contact with the British on U. S. intentions to cancel the Skybolt air-launched 
ballistic missile was made on Wednesday, Nov. 7, the day after election day. Discus- 
sions between that date and the Nassau meeting between President Kennedy and Prime 
Minister Harold Macmillan, which began Dec. 18. included three alternative offers 
(sec p. 31). First public hint that Skybolt's life was in danger appeared in Aviation 
Week & Space Technology on Nov. 26 (p. 27). 

Production authorization for Skylrolt was granted by Defense Dept, late last June 
but was withdrawn 10 days later. Air Force protested strongly that it was still com- 
mitted to operational dates and other program milestones, but without authority to 
produce. Defense reinstated the production authorization after a few days, and did not 
cancel it again until after Nassau. 

Senate space committee is likely to lie elevated to the status of a major committee 
this year. This would mean that members could hold a post on only one other major 
committee. The decision will be made by the majority leadership at a meeting this 
week, and the prospect is that the new guideline will be applied only to new members. 
If it were made retroactive, most of the present members would resign in favor of 
better assignments that they already hold. 

To obtain prestige membership when the committee was formed in 1959, it was 
made a "third" or technically minor committee. This permitted senators with high- 
ranking positions on two major committees to serve on the space group without relin- 
quishing their other posts. 

The practical result of this junior status was that the space committee evolved into 
a comparatively inactive group because its members concentrated on their other impor- 
tant posts. 

Joseph V. Charyk, under secretary of the Air Force, is under active consideration 
for a top management post with the Space Communications Corp., cither as chief 
executive officer or a vice president for technical development. The corporation is now 
being organized by 13 presidentially-appointed incorporators. Others who have been 
considered for the top position blit are now out of the picture include Eugene R. Black, 
New York banker and former president of the International Bank for Reconstruction 
and Development; Frank Stanton, president of Columbia Broadcasting Co.; and USAF 
Gen. Lauris Norstad, former chief of allied forces in Europe. 

Soviet Russia has elected to operate its scheduled Tu-114 service between Moscow 
and Havana over Arctic waters from a “northern airdromc’-probably Munnansk-rathcr 
than trade transit rights across the Scandinavian countries for an SAS route from 
Moscow to Tokyo or New Delhi. Soviet news agency Tass said the first return flight 
from Havana to Moscow was made at an average speed of about 4S7 mph. (AW Jan. 7, 
p- 41). 

John J. Courtney, architect of House Armed Services Committee investigations 
on defense contracting for the past 10 years, has left the post of counsel to establish a 
law office in Washington, but will serve as a consultant to the Special Investigations 
Subcommittee. 

Cosmic help at a cosmic speed has been promised to Cuba for its next crisis. 
Soviet Cosmonaut Pavel Popovich told the Cuban Academy of Sciences; "We arc going 
to assist Cuba not only from the earth but from the cosmos as well. We are ready for 
this and we also have ivhat it takes to do it." Lt. Col. Popovich said the distance from 
Moscow to Havana could be covered in 20 to 25 min. at a speed of nearly 16,800 mph, 
“and if it is necessary to assist Cuba, I will fly even 10 times as quickly." 

Soviet statements continue to indicate that Russian manned lunar flights will be 
launched from an orbit around the earth, a technique which the U. S. has dc-empha- 
sized in favor of the lunar orbit rendezvous approach. A recent Tass news agency 
interview with four Soviet cosmonauts quoted Gherman Titov-described as the first 
Soviet space pilot to apply for moon flight— as saying these flights evidently would 
involve placing heavy Sputniks in earth orbit or even creating large manned inter- 
planetary stations as launch bases. Cosmonaut Pavel Popovich told an audience in 
Havana that “it is necessary to undertake the [lunar] trip from a cosmic station in 
orbit. . . .” —Washington Staff 
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McNamara Pushing USAF-Army Rivalry 


Assignment of limited warfare missions at stake; 
role of helicopters in Vietnam 9tirs controversy. 

By Larry Booda 

Washington— Office of the Secretary of Defense is encouraging a strong 
rivalry between Air Force and Army in an intensifying roles and missions 
struggle over who will provide close support, battlefield transport and recon- 
naissance and special warfare training. 

Technique of allowing two or more military services to compete freely 
for a mission has rarely been used by Defense Secretary Robert S. McNamara 
since he took office in January, 1961. But in this case, he and his advisers 
believe the rivalrv will produce satisfactory equipment and tactics at rela- 


tively low cost. 

Tlie systems involved are relatively 
unsophisticated. The sendee that pro- 
duces the most efficient and economical 
system will win the mission. 

Latest move in the growing compe- 
titions came last week from the Air 
Force, which announced that it has 
been authorized to increase personnel 
assigned to its Special Air Warfare 
Center at Eglin AFB, Fla., from 1,000 
to 3,000. The center is composed of 
the First Air Commando Group and 
the First Combat Applications Group. 

At the same time, the Anny found 
itself having to defend against reports 
from South Vietnam that made it ap- 
pear that a number of helicopters had 
been lost Jan. 5 in a Viet Cong ambush 
35 mi. southwest of Saigon. Actually, 
only one helicopter was completely de- 
stroyed. In the year of operations pre- 
ceding Jan. 5, the total was 12 (AW 
Jan. 7. p. 27). More than 50,000 sor- 
ties were flown during that period. 

The strong sendee rivalry was re- 
flected in official statements, back- 
ground briefings and informal propa- 



ganda comparing Air Force fixed-wing 
close support aircraft with Army’s armed 
helicopters. 

Most of the personnel increase at 
Eglin will be funneled into the Air 
Commandos, whose squadron strength 
will jump from two to six. The com- 
mandos are trained to instruct allied 
aircrews in all phases of airborne opera- 
tions, including personnel and cargo 
delivery, close air support and recon- 
naissance. 

Some of the increase, however, will 
go to the Combat Applications Group, 
whose mission is the development of 
aircraft and associated equipment to be 
used in counter-insurgency actions. It 
has been responsible for conversion de- 
sign of the Douglas B-26 and North 
American T-28 aircraft now being used 
in South Vietnam. 

The role of fixed-wing aircraft in 
South Vietnam was praised last week 
by Air Force Secretary Eugene M. 
Zuckcrt, who recently returned from a 
Far Eastern trip. Zuckcrt said Air Force 
fixed-wing operations were essential in 
providing cover for Army helicopters. 

Asked whether he thought that 
Army's helicopters could do the job, he 
said they were complementary. 

The exchange on roles in Vietnam 
grew out of the Jan. 5 incident, in which 
Army helicopters were airlifting South 
Vietnamese troops in four waves, each 
made up of 10 Vertol CH-21 helicop- 

The first wave reached the area and 
unloaded without incident. Ground fog 
delayed the second and third waves for 
about an hour and a half. Wien they 
arrived, there was no ground fire and 
no contact with the enemy. 

Thirty minutes later, contact was 
made, and the fourth wave was landed 
as a reserve force. This drew heavy fire 
from camouflaged troops in nearby 
woods. Every helicopter in this wave 
was hit: but all except one got away. 

During this action, five anned Bell 
UM-1 helicopters strafed the area where 
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the Viet Cong troops were located. In 
attempting to rescue the crew of the 
grounded CH-21, a second CH-21 was 
hit and could not take off. A UH-1 lost 
a rotor blade and crashed, injuring the 
pilot and killing a crew member. A 
third CH-21 was damaged but was able 
to return to a secure area. The four 
CI4-21s were flying again within one 
to two days. Only the UH-1 was a total 

Adm. Harry D. Felt, commander- 
in-chief, Pacific, arrived in South Viet- 
nam Jan. 9 for conferences with Gen. 
Paul Harkins, commander of the U.S. 
Military Advisory and Assistance Group, 
probably to discuss reported reverses in 
recent clashes. 

Felt said: "I question some of the 
things I have read. I understand it was 
a South Vietnamese victory'." Harkins 
replied: "I can tell you that it was." 

Reports that Vietnamese troops re- 
fused orders to attack and that the toll 
in U. S. advisers was high have led to 
congressional demands for an investiga- 
tion. Sen. John G. Tower (R.-Tex.) 
advocated withdrawal of U.S. troops 
from South Vietnam unless there is a 
promise of winning the war there. This 
brought a charge of “pessimistic defeat- 
ism aimed at disturbing public opinion” 
from the Saigon newspaper Dailv Mail. 
There have been 105 U.S. Army cas- 
ualties since Jan. 1, 1962, of which 15 
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were killed, S2 wounded, three captured 
and later returned and one missing and 
later returned. 

The Army believes that eventually 
there will be success in South Viet- 
nam. but that it is a long-term action. 
The French left the country without a 
trained army or air force. Commissioned 
and non-commissioned officers have had 
little time to gain experience and esprit 
de corps. 

The Army’s use of anned helicopters 
(AW Dec. 24, p. IS) for close troop 
support is being scrutinized closely. 
Teams from the Directorate of Remote 
Area Conflicts of the Advanced Re- 
search Projects Agency arc evaluating 
this concept under the direction of 
Robert C. Phelps. So far, the close 
support role is played only by UH-ls. 

The approaches of the two services to 
fulfilling the limited war and counter- 
insurgency missions have been: 

• Army. !n 1955 the Army determined 
that its light, fixed-wing, short-takeolf- 
and-landing aircraft for battlefield sup- 
port would be phased out. The job of 
front-line troop transport and combat 

craft. Some helicopters would be armed 
for action against troops, emplacements 
and tanks. For general battlefield sup- 
port, larger STOL aircraft would trans- 
port troops and perform reconnaissance, 

• Air Force. During the 1950s, the Air 
Force pinned its procurement program 
on the concept that nuclear weapons 
would be used from the outset in any 
kind of fighting. Highly sophisticated 
jet fighters were designed to fulfill this 
role. Delivery of conventional weapons 
was minimized. Reconnaissance was per- 
formed by jet fighters. Tactical troop 
transport was performed by aircraft 
which required relatively long airstrips. 

The Kennedy Administration made a 
key decision early in its existence that 
combat would not necessarily begin 
with delivery of nuclear weapons, and 
encouraged the Army— which was al- 


ready active in developing close-in bat- 
tlefield equipment and tactics— to con- 
tinue and expand its activities. 

In the process, the provisions of the 
1956 Key West roles and missions 
agreement were ignored and the Anny 
went beyond its aircraft weight limita- 
tions and even began to evaluate tactical 
fighters on its own. 

Early in 1961, McNamara indicated 
that Air Force and Army would have to 
pay more attention to developing im- 
proved delivery of non-nuclear weapons 
in less than all-out war situations. Army 
was already trying to fill what it con- 
sidered a vacuum created by Air Force 
neglect. 



In April, 1961, the Air Force formed 
its first commando unit, operating as 
the 4400th Combat Crew Training 

It was patterned after air commando 
groups which operated in the China- 
Burma-trfdia theater during World 
War 2. 

Last April. McNamara wrote to then- 
Secrctary of the Armv Elvis J. Stalu, 
Jr., ordering him to fonn a group to 
study tactical air mobility, emphasizing 
that unconventional approaches should 
be used. This resulted in the fonnation 
the following month of the Tactical Air 
Mobility Requirements Board under Lt. 
Gen. Hamilton Howze. 

At the same time, McNamara wrote 
to Air Force Secretary Zuckert that if 
the Air Force did not concentrate on 
developing its battlefield capability, it 
was threatened with loss of its missions 

This resulted in formation of the 
Special Air Warfare Center last April. 
Until last week, it operated under the 
1,000-man ceiling. The size of the com- 
parable Army Special Forces has been 
about 5.000. 

The Air Commandos are operating 
with Hclio L-28s, Fairchild C-123s. 
Douglas C-47s and Curtiss C-46s in ad- 
dition to the B-26s and T-28s. 

The results of the IIowzc Board were 
circulated in the Pentagon last August. 
The Air Force created its own board to 
review them. Its recommendations were 
forwarded to the secretary of defense. A 
small nucleus of the Howze Board is 
still operating in the Pentagon to im- 
plement the projects recommended by 
the board and approved by McNamara. 
The Fiscal 1964 defense budget will in- 
clude these projects. 

Army Special Forces training is 
centered at Ft. Bragg, N. C., while 
Army aircraft development is centered 
at Ft. Rucker, Ala., under the auspices 
of the Army Aviation Board. 
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NASA Accelerates Biotechnology Effort 


By Alfred P. Alibrando 

Washington — National Aeronautics 
and Space Administration is making 
its first concerted effort to move ahead 
of operational needs in biotechnology 
with a fast-paced advanced research pro- 
gram that includes development of a 
life support system to sustain space 
crews for a year or more. 

Advanced life support program was 
fonnulatcd bv Dr. Eugene B. Konecci’s 
biotechnology and human research 
group, part of the National Aeronautics 
and Space Administration's Office of 
Advanced Research and Technology. 
Within nest sis months Dr. Konccci’s 
group will accelerate work in these 

• Life support systems with capabilities 
of 30 to 60 days, three to sis months 

• Psycho-physiological monitoring sys- 
tem, including a compact biomedical 
computer that will integrate manv 
medical measurements on spacecraft 
crew members into one single report. 
•Over-all system for flights bv man in 
space, outside of space vehicles. 

• Biological fuel cells for conversion of 
human wastes into electrical power. 

Until now. the pace of development 
of life support equipment has been de- 
termined by operational needs. Present 
capability in Mercury spacecraft is a 
maximum of about 4S hr. 

Contract negotiations are to begin 


within a few days on a system that will 
support five men for 30 to 60 days. This 
breadboard system is to be demon- 
strated by June in a five-man. 30-day 
run. which will include a test of diets 
being planned for two-week Gemini 
flights. Items to be tested include bite- 
sized, dehydrated foods. The demon- 
stration will be done in cooperation 
with the NASA Manned Spacecraft 
Center, Houston, which will monitor 
the contract. 

Second step in developing life sup- 
port equipment for long-duration flights, 
space stations or moon bases will be 
an open competition this spring on a 
system capable of supporting four men 
for three to six months. This contract 
will be monitored by the Langley Re- 
search Center, which has developed 
space station concepts. 

Life Support 

Dr. Konecci said his office plans to 
send out requests for proposals on a 
one-vear life support system about July. 
Tlie Ames Research Center. Moffett 
Field. Calif., probably will he the NASA 
technical monitor for this work, which 
may involve more than one contractor. 

Dr. Konecci said his office conducted 
a rather extensive review of both the 
existing life support technology and the 
probable needs for long life systems. 

"We could see there was not much 
point in further study." he said. 
“There was a clear need for develop- 


ment of hardware and an effort to set 
ahead of the operational demands. 

Information and techniques will be 
fed from one life support development 
program to another," lie said, "so that 
by the middle of 1963 we should be 
on our way to development of a one- 
year system." 

Since they were developed to provide 
life support for a relatively short time, 
the system in the Mercury spacecraft 
and those being developed for Gemini 
and Apollo depend on storable oxygen 
and coolants. 

The long-duration systems which 
NASA now seeks to develop will use 
regenerative techniques. 

Adv anced systems also may use a two- 
gas system instead of the 100% oxygen 
system used in Mercury and Gemini. 
The Soviets have indicated they use a 
life support system in their animal and 
manned space flights that nearly dupli- 
cates the terrestrial environment— 80% 
nitrogen and 20% oxygen at 14.7 psi. 

There is some suspicion that ex- 
tended space flight on 100% oxygen 
may result in oxygen toxicity, thus im- 
pairing judgment and ability to per- 
form. Studies are now under wav to 
determine whether more than 14 days 
on straight oxygen produces these un- 
desirable effects. 

Fuel Cell System 

Contracts will be let shortly for de- 
velopment of fuel cell systems using 
human waste as source of electrical 
power. Field center management prob- 
ably will be provided by the Lewis Re- 
search Center. 

Development of the psycho-physio- 
logical monitoring system and bio-in- 
strumentation simulator at the NASA 
Flight Research Center, Edwards AFB, 
is also scheduled for this spring. The 
timetable calls for a bidders’ conference 
at Edwards about Feb. 20, submission 
of proposals about Mar. 1 5 and selec- 
tion of a contractor about a month 
later. 

Contract will be for development of 
new, better sensors; displays that will 
give real-time information, possibly in 
three dimensions: and console and re- 
cording equipment. 

Dr. Konecci said the bio-instrumen- 
tation facility at Edwards would be 
used to develop a biomedical computer 
which would provide monitors on earth 
with an integrated, real-time report on 
the condition of spacecraft crewmen. 

Present systems give such data as 
temperature, heart beat and blood pres- 
sure separately. The biomedical com- 
puter would integrate this information 
into a single reading indicating the 
over-all condition of a crewman. An 


Large Solid Work Statement 

Work statement for tile feasibility demonstration of the 260-in.-dia. solid-propel- 
lant motor and investigation of supporting technology was scheduled to be submitted 
to Defense Secretary McNamara last week for approval. Industry members inter- 
ested in the competition (which will be handled by the Air Force for itself and 
NASA) do not expect the requests for proposals to be issued before Febniary. 

Demonstration program is expected to cost about S100 million through Calendar 
Year 1966, and another S48 million is scheduled for supporting technology studies. 
Contractor selections for the programs probably will be as broad as possible to estab- 
lish an extensive participation by the propulsion industry. 

Two main contractors arc to be selected for parallel efforts, each probably firing 
two half-length, 260-in.-dia. motors. Motor cases will be steel— practically a necessity 
for this size motor-and no thrust vector control is to be attempted, since aim will 
be to demonstrate feasibility of the huge configuration, including thrust output. 

In a subscale program, likely to specify 156-in.-dia. motors containing as many as 
five segments, thrust vector control techniques utilizing gimbaled and movable noz- 
zles will be investigated. Motor cases also will be steel in this smaller size, since 
the over-all program will proceed on a minimum-risk basis. 

In a complementary phase, involving as many os five firings using existing metal 
cases— presumably 100- or 200-in.-dia.— thrust vector control wall be evaluated using 
jet tabs (vanes) and other exhaust gas deflection schemes. 

Another technical support program, aimed at establishing parameters for com- 
ponent development for Air Force, will involve three procurements initiated for 

and nozzles using ablative materials which would not require use of a hydroclavc 
process. In this investigation, glass fiber motor cases might be used, since Air Force's 
Aeronautical Systems Division is interested in this type of construction. 
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New Agency Proposed to Oversee 
Management of U. S. Departments 


integrating biomedical computer would 
reduce the power requirement for trans- 
mission of necessary medical informa- 
tion. Dr. Konecci said. 

Bio-instrumentation facility would 
make possible more proficient selection 
of astronauts and ground crews. Dr. 
Konecci said, by integrating measure- 
ments made on candidates and then 
subjecting these measurements and re- 
sponses to simulated, combined stresses 
and conditions of space flight. Ad- 
vanced bio-instrumentation system also 
would aid in setting parameters for de- 
sign of flight equipment. 

Manned Spacecraft Center is now de- 
veloping for Dr. Konccci’s group a test 
suit to be used with a flying belt pro- 
pulsion system. The work at Houston 
is an extension of flying belt develop- 
ment conducted by the Air Force. 

Manned Spacecraft Center work is 
being done for Dr. Konecci's office and 
is part of an effort to provide a capa- 
bility for manned flight outside a 
spacecraft. MSC will integrate flight 
control, life support and propulsion 
systems. Extra-vehicular flight is being 
developed as a means of spacecraft 
maintenance and return to earth from 
disabled spacecraft. 

In reviewing the program of his office. 
Dr. Konecci said it is not concerned 
with operational problems but in de- 
veloping advanced systems on the basis 
of probable future missions. Once the 
technology is developed, it is turned 
over to the user, in most cases NASA’s 
Office of Manned Space Flight. 


Extended MA-10 Flight 

Flans for a two or three-day orbital 
flight that would bridge the gap between 
the end of the Mercury program and the 
beginning of the Gemini program are 
under way within the National Aeronau- 
tics and Space Administration, McDon- 
nell Aircraft Corp. and General Dynam- 
ics/ Astronautics. Whether the mission 
actually occurs depends on technical, 
monetary and political factors. 

NASA and its contractors arc studying 
how far the capability of the present 
Mercury capsule can be extended. “We 
might go for tvvo days,” one reliable 

we might go for three, four or even five 
days." Observers believe, however, that 
three days represent the maximum ex- 
tension of the Mercury spacecraft and 
Atlas booster combination. 

Factors that will determine whether 
or not MA-10 ever becomes a reality 
include success or failure of the MA-9 
and the date on which it is flown; the 
size of the NASA appropriation for Fis- 
cal 1964, and in particular, the amount 
of money allotted for manned space 
flight; and technical evaluation of the 
contribution a one-man, several-day flight 
would make to Gemini and Apollo. 


Washington-Crcation of a perma- 
nent government agency— an "Adminis- 
trative Conference of the United States” 
—to oversee the managements of other 
government departments and agencies 
was recommended in a comprehensive 
report released last week by the White 

The report was compiled by an Ad- 
ministrative Conference established by 
presidential order in April, 1961, to 
make recommendations for improve- 
ment of administrative processes. The 
conference was directed by an 11 -mem- 
ber executive board, appointed by the 
President, and included representatives 
from 33 government departments and 
agencies and 29 non-govemment par- 
ticipants. 

The board was headed bv E. Barrett 
Prettyman, senior judge of the U. S. 
Court of /Appeals for the District ot 
Columbia, and included James M. 
Landis, a fonner Civil Aeronautics 
Board chairman. General conference 
membership included representatives 
from Defense Dept., National Aero- 
nautics and Space Administration, 
Atomic Energy Commission, Federal 
Aviation /Agency, and CAB. 

In effect, the conference recom- 
mended establishment of an organiza- 
tion patterned after itself on a perma- 
nent basis. Legislation to accomplish 
this should be submitted promptly to 
Congress, the report said. 

The need for continuing study and 
action to improve government adminis- 
tration was emphasized. “The condi- 
tions to be dealt with can rarely be 
characterized as ’shockingly bad',’’ the 
report commented. “They do not lend 
themselves, as a rule, to ’exposure’ and 
’reform.’ 

"Not sporadic inquiries and reports, 
but steady observations of experience 
and frequent exchanges of ideas are the 
means of eliminating imperfections.” 

The concept of a White House over- 
seer was dismissed as “unfeasible." Tire 
report explained: 

“The scope of problems is so great 
that no one official would be able to 
encompass them; nor . . . would the 
agencies respond gladly to the direc- 
tives of a person who would almost in- 
evitably be characterized as ‘czar’ or 
‘super-administrator,’ ” regardless of the 
President's or his own true desires. 
Furthermore, the delicate problems of 
‘independence’ . . . might prove to be 
added elements of difficulty were pro- 
cedural instructions to issue from the 
Executive offices." 

The report summarized: 

“The tremendous diversity of modern 
government's responsibilities prevents 


any simple step to assure invariably just, 
efficient, and economical administrative 
methods. No single formula, whether 
embodied in a statute or in an Execu- 
tive directive, could take account of 
the great range of activities of federal 
agencies or the myriad circumstances 
that shape those activities in particular 
instances." 

The proposed U. S. Administrative 
Conference would make recommenda- 
tions to the President, the Congress, 
and to other departments and agencies 
on internal organization, the allocation 
of decisional responsibilities, and other 
procedural and administrative matters. 
The conference would have authority 
to develop a staff of researchers, and 
would formulate its own budget. 

Its organization, as outlined in the 
report, would be: 

• The Council. This would be headed 
by a chairman, appointed by the Presi- 
dent and confinned by the Senate for a 
period of five years. Ten other members 
would be appointed by the President for 
three-year terms. The chairman’s salary 
would be comparable to that of an 
Under Secretary of a Cabinet depart- 

• The Assembly. This would be com- 
posed of not more than 80 members, 
drawn preponderantly from government. 
They would serve for terms and under 
conditions determined by the Council. 
The government members would be 
designated by their agency heads; the 
non-govemment members, by the 
Council. Each Assembly member would 
be assigned a responsibility, and would 
not serve as a representative of any 
government or non-government organi- 


Finns to Buy MiG-2 Is 

Finnish defense ministry has con- 
firmed reports that Finnish air force 
will replace its Folland Mk.l Gnat 
fighters with supersonic MiG-21 aircraft 
and is ordering an undisclosed quantity 
of British-made anti-tank missiles. 

Decision marks the first time the Fin- 
nish air force will depend on Russian 
equipment. Trade considerations, rather 
than politics, lay behind the choice. 

Finns ordered one squadron of MiGs 
equipped with an undisclosed Soviet air- 
to-air missile. Aircraft order was part of 
a S37-million defense outlay announced 
by Finnish defense ministry. 

Finns, in order to get both air-to-air 
and anti-tank missiles, had to renegotiate 
its peace treaty with the Soviet Union. 
Under the treat)', Finns were restricted 
from having missiles of any type. 
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French Seek Independent Nuclear 
Force Despite U.S. Polaris Offer 


By Robert E. Farrell 

Paris— French companies working on 
France's atomic strike force have been 
assured by government sources that the 
recent U. S. offer of Polaris missiles to 
France will not mean any change in 
the nation's independent nuclear ambi- 
tions (AW Jan. 7. p. 50). 

French industry' is insistent that the 
government continue its present nuclear 
annament projects so that it can keep 
abreast of modern technology. Indus- 
trial officials arc less concerned about 
the military aspects of the country’s 
nuclear strike force plans than they are 
about the technological advances such 
projects are yielding for civil markets. 

Government officials, in response to 
industry’s queries, have given assurances 
that no alterations in present weapon 
programing is being considered. The 
U.S. Polaris offer, as well as the U. S.- 
British proposal of a multi-national 
NATO nuclear force with France, has 
been received with little sympathy by 
President dc Gaulle. 

New Techniques 

Government sources claim that many 
industrial sectors already have been able 
to apply new techniques in their civil 
work as a result of their participation 
in the nuclear armament program. The 
1965 military budget, currently up for 
debate before the French National As- 
sembly, offers several examples of this. 
The budget also reveals that the French 
electronic industry is gearing more than 

ment projects. 

U. S. Polaris offer has led French de- 
fense ministry to reveal additional de- 
tails of its nuclear armament plans. 
This is being done to offset domestic 
and U. S. criticism that French projects 
have little military value. French nu- 
clear ambitions, according to latest in- 
fonnation, break down as follows: 

• Initial nuclear strike force continues 
to be built upon 50 Dassault Mirage 4 
twin-jet supersonic bombers. French de- 
fense ministry now says that about 6 of 
these aircraft will be delivered by the 
end of this year. Another 22 will be de- 
livered in 1964 and the balance, during 
the first half of 1965. 

• Government now claims that the nu- 
clear explosion at its Sahara testing 
ground last May 1 was a prototype of 
an operational atomic bomb. It is un- 
derstood the French now have a small 
arsenal of these plutonium-type bombs 
and that an inventory is being built 
based on output from its Marcoule 
plutonium plant in southern France. 


Another plutonium plant is under con- 
struction near Cherbourg. 

Mirage 4 bombers, equipped with 
twin Snecma Atar afterburning turbo- 
jets, will carry externally an atomic 
bomb fitted into a glider-vehicle con- 
' ' tion, according t( ‘ " 1 
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from targets. There has been some talk 
of also equipping the glider-bomb with 
a ramjet, thus developing a sort of 
junior Skybolt. Some French officials 
talk about an operational Mirage 
bomber force by late this year— informed 
sources say 1964 is a more realistic date. 
No mission profile has ever been re- 
leased by the French for their Mirage 4 
bombers. But it has been reported that 
the aircraft would fly the initial portion 
of its mission at Maeli 1.7 at high-alti- 
tude after being refueled in midair by 
Boeing KC-135 jet tankers. Twelve 
tankers have been ordered by France. 
Six of the planes will be delivered by 
year-end, the balance during 1964. Top 
'Mirage 4 speed is about Mach 2.2. 

French military sources hit back at 
critics who say the Mirage bomber force 
will be of little military value. The 
French note that their bomber force, 
fully operational by mid-1965, will be 
completelv supersonic. In this same 
year, both U.S. and Britain will be 
operating subsonic strategic bombers. 

In defending their Mirage bomber 
force. French government, in its mili- 
tary budget explanations, also disclosed 
for the first time that it plans to use 
aircraft other than the Mirage bomber 
for nuclear missions. 

French arc planning to use at least 
1 50 of the 426 Mirage 3 fighters already 
ordered for nuclear strike missions. It 
is probable this mission will be given 
to the Mirage 3E version, of which 1 50 
have been ordered. This version is 
equipped with Doppler navigational 
equipment for low-level, all-weather 
missions. Deliveries of this Mirage ver- 
sion will get under way late this year. 

French also are planning to use the 
Dassault Etcndard 4NI carrier-based 
strike fighter for nuclear missions. It 
now has been disclosed that the French 
navy is studying necessary modifications 
on Etcndards in order to handle the 
new nuclear requirement. 

On the missile side, recent firing of 
such test vehicles as the four-stage 
Berenice missile, used mainly for gather- 
ing re-entry data, and the Topaste mis- 
sile, which utilizes new guidance meth- 
ods. appears to have encouraged the 
French in their approach. 

French industry sources admit that 


while there have been missile failures, a 
satisfactory development in metals, pro- 
pulsion and guidance has been achieved. 

It is expected that if the French suc- 
ceed, as planned, in launching their 
first all-French satellite in 1965 using 
the three-stage Diamant missile— then it 
is likely they rvill develop a Polaris-type 
missile by 1968. On this point, French 
officials say the U. S. offer of a warhead- 
less Polaris may save them some time, 
but probably no savings in money could 
be achieved. 

French officials admit they are far 
from achieving a capability for making 
high-vicld thermonuclear warheads for 
missiles. But rvork is advanced on 
France’s isotope separation plant at 
Pierrclatte, in southern France, and the 
schedule calls for enriched uranium 
production to get under xvay sometime 
in 1968. This aspect of the French 
program is the most costly, with un- 
official cost estimates on the Pierrclatte 
project norv topping SI billion. 

French nuclear submarine program is 
moving ahead. Prototype nuclear power- 
plant, using U. S.-supplied enriched 
uranium, is being built on land since 
this was the condition for U. S. aid. 
Current Plans 

This prototype plant rvill enter into 
operation next year. Adm. G. C.iba- 
nier, French navy chief-of-staff, says the 
first nuclear-powered French submarine 
equipped with Polaris-type missiles rvill 
become operational in 1969. This 
schedule assumes the factory' at Pierrc- 
latte rvill begin turning out enriched 
uranium in 1968 as presently planned. 

First French nuclear submarine rvill 
be followed by two others. Each rvill 
carry 16 Polaris-type missiles. Normal 
cruising speed rvill be on the order of 
20 kt. and planned cruise rvill last 90 
davs. A crcrv of 135 men is being 
planned for each unit. 

French hope the Kennedy Adminis- 
tration rvill renew the offer made by 
former President Eisenhower to supply 
the French navy with a nuclear, non- 
missile carrying submarine. This would 
permit the French navy to accelerate its 
nuclear training program. France also 
hopes Washington may lift its 1959 ban 
on U. S. companies working with the 
French on any aspect of their nuclear 
projects. 

In particular, French would like some 
help on advanced electronic guidance 
and air defense lamming systems. 

In return. French may take more ac- 
tive part in NATO. It might, for ex- 
ample, commit its Mirage 3 fighters to 
NATO's air force in central Europe 
and even participate in common target- 
ing with its Mirage bomber fleet. But 
no French official expects dc Gaulle to 
abandon his basic principle that France 
must keep national control over its own 
nuclear strike force. 


30 
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U.S. Urges Multilateral Nuclear Forces 


Washington-U. S. is urging a new 
policy of strategic nuclear weapon forces 
manned by a mixture of nationalities 
within the framework of the North At- 
lantic Treaty Organization, in the rvakc 
of the cancellation of the USAF-Doug- 
las Skybolt air-launched ballistic missile. 

Under the proposed policy', non- 
nuclear powers could take part in the 
multilateral nuclear forces it they con- 
tributed money and personnel. But 
before they could join, they would have 
to demonstrate that they were carrying 
their share of the non-nuclear forces 
load. Tlie U.S. intends to push ag- 
gressively toward mixed manning. 

These and other key points in U. S. 
defense and international policy have 
been revealed gradually since the Nas- 
sau agreement between President John 
F. Kennedy and British Prime Minister 
Harold Macmillan last Dec. 20. Great 
Britain has accepted the Polaris missile, 
less warhead, and its associated fire con- 
trol and navigation equipment, in place 
of the Skybolt. 

Great Britain made no pledge for 
mixed manning of its Polaris subma- 
rines, but presumably rvill be urged to 
do so later. Elements of both the Po- 
laris missile system and the mobile 
medium-range ballistic missile (MMR- 
BM). which still has not been finally 
defined, rvill be made available on a 
multilateral basis. 

Palm Beach Meeting 

Secretary of State Dean Rusk and 
U.S. Ambassador to NATO Thomas 
K. Finlettcr met with President Ken- 
nedy at Palm Beach, Fla. on Jan. 5 to 
determine ways to further the policy. 

Undersecretary of State George Ball 
and Finlettcr made the first presenta- 
tion of the new policy at NATO head- 
quarters in Paris on Jail. 10. 

The past week brought these devcl- 

• A visit as a private citizen to the U. S. 
bv Air Commodore Sir Arthur Harvey, 
chairman of the British Conservative 
Party's defense committee. Harvey 
talked to Douglas Aircraft Co. and 
Northrop Corp. officials in California 
and to Asst. Secretary of Defense for 
Research and Engineering John Rubcl 
in Washington. Rubcl has supervised 
Skybolt development closely. 

• Arrival of a British team in the U. S. 
to begin technical discussions with De- 
fense Dept, and Navy on Polaris. The 
delegation is headed by Sir Solly Zuck- 
erman, chief scientist of the Ministry 
of Defense. It includes F. W. Motter- 
shead, deputy secretary of the defense 
ministry, and Vice Adm. Sir Varyl 
Bcgg, vice chief of the nasal staff. Vice 
Adm. Sir William Crawford, naval at- 


tache to the British embassy here, also 
will hike part. 

The U.S. team will include Navy 
Secretary Fred Korth; John T. Me- 
Naughton, general counsel of the De- 
fense Dept.: Adm. C. W. Ricketts, vice 
chief of naval operations; William C. 
Burdette, deputy assistant secretary of 
state. Bureau of European Affairs; and 
Rear Adm. I. J. Galantin, director of the 
Navy’s Special Projects Office, which 
manages the Polaris system. Length of 
the British team's stay was indefinite. 
The first joint meeting was held Jan. 9. 

• Actual cost of the Skybolt program to 

arc tenninated. Expenditures as of Dec. 
31 were S330.1 million for research and 
development and S23.7 million for 
production, a total of $353.8 million, 
according to Air Force. Obligations 
beyond this include S33.3 million for 
research and development and $45.2 
million for production, making a grand 
total of expenditures and obligations of 
$432.3 million. An unknown amount of 
the difference between these two. $78.5 
million, will be saved as a result of the 
contract terminations. 

One aim of Harvey’s visit was to see 
if some small part of the knowledge 
gained in the program could be sal- 
vaged. Ilanev told Aviation Week & 
Space Technology that he thinks 
Great Britain should have an invulner- 
able nuclear deterrent capability, but 
would get this too late if it had to start 
a new development of its own. He said 
Skybolt would have been available on 
the Vulcan bomber in 1966, while Po- 
laris will not be operational in British 
submarines until 1969. 

Ilarvcv believes the British people 
would be willing to pay for production 
of Skybolts if the research and develop- 
ment program could be salvaged. He 
also said that if a breakthrough in de- 
tecting submarines were made— an obvi- 
ous reference to a possible future weak- 
ness of the Polaris system— that Skybolt 
would have become very important. 

Harvey also offered these opinions: 

• Technically, the weapon has per- 
formed well. If it had continued it 
would have been a success. 

• Cancellation of Skybolt allows all of 
the Soviet anti-aircraft defense forces 
created in anticipation of Skybolt to be 
freed for other defense tasks. 

Harvey’s visit was interpreted as part 
of a last ditch Roval Air Force fight to 
save its bomber force from extinction 
in the next three years. 

Douglas has sent representatives to 
Strategic Air Command headquarters 
and the Aeronautical Systems Division 
to sec how some part of the program 
might be salvaged. 


Their recommendations were to be 
presented to Air Force Secretary Eugene 
M. Zuckert late last week. 

A storv originating in the London 
Daily Express Jail. 8 stated that Vulcan 
bombers broke through North Ameri- 
can defenses during exercise Skyshicld 2 
in October, 1961. Asst. Secretary of 
Defense for Public Affairs Arthur Syl- 
vester, denied it. saying: "While results 
of such exercises do remain classified, 1 
can say that there was no penetration 
by British bombers of the radar and 
fighter plane net in that exercise.” 

Sylvester also said that all other 
flights of Vulams to U. S. bases in the 
past six months were made on regular 
flight plans. Zuckert also said: "There 
is no substance to the burden of the 
story in the London Express.” He said 
the bombers in the exercise flew pre- 
scribed courses and proceeded to their 
targets, even though they were thcoret- 

“Tlicy might be shot down four or five 
times and not know it," he said. 

The British Air Ministry said the 
Vulcans took part in the exercise, but 
a spokesman added: "It is not policy to 
state whether exercises are successful or 

Cancellation Reasons 

More of the reasoning being used hv 
the Administration in justifying the 
cancellation of Skybolt has become 
known since the Nassau meeting. In 
canceling the weapon and urging multi- 
lateral nuclear forces, the Administra- 
tion is working toward three objectives: 

• All NATO nations must gain a clear 
recognition of the indivisibility of the 
Western strategic nuclear deterrent. 

• Further proliferation of nuclear weap- 
ons and the development of independ- 
ent strategic nuclear forces must be pre- 

• NATO must recognize that strategic 
nuclear forces are not universal deter- 
rents. It must be ready to deter all 
fonns of political, economic and mili- 
tary aggression. This requires increases 
in conventional forces. 

• Conflict need not start with the use 
of nuclear weapons. This fact dictates 
larger conventional forces. 

It has also been revealed that the 
original Eisenhower-Macmillan agree- 
ment on Skybolt would have allowed 
the British to continue the program at 
their expense if the U. S. found the 
weapon undesirable. 

President Kennedy went beyond this 
at Nassau and offered to pay for 50% 
of the research and development costs. 
This was declined. He also offered the 
Hound Dog air-breathing, air-launched 
missile. This was also declined. 
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Telstar Fault Located, Fixed From Earth 


By Philip J. Klass 

First successful earth-based diagnosis 
and correction of spacecraft troubles 
was achieved by Bell Telephone Labo- 
ratories scientists when they brought the 
Telstar communication satellite back 
into operation. 

The command decoder troubles that 
prevented Telstar from being turned 
on after Nov. 23, resulting from higher- 
than-expccted radiation intensity pro- 
duced by the July 9 U.S. Starfish nu- 
clear test in the Pacific, have not been 
permanently corrected and the satellite 
may again lose its voice. If this should 
happen, corrective treatment could not 
be attempted until Feb. 5 when Telstar 
again undergoes periods of eclipse in 
the earth’s shadow. 

Although the intensity of the Star- 
fish-produced radiation is decreasing, 
the damage already sustained by Telstar 
transistors makes them more suscepti- 


Relay Transmissions 

Washington— Project Relay communi- 
cation satellite last week was used to 
tiansmit a taped television program to 
Europe, following partial isolation of 
troubles which had made the spacecraft 
inoperative since its launch Dec. 31 (AW 
Dec. 24. p. 24). 

U. S. space agency said that British, 
French and Italian ground stations re- 
ported “excellent reception" of a Jan. 9 
program from here showing President 
Kennedy welcoming the Mona Lisa 
painting, on loan from France. 

Following analysis of telemetry data 
and extensive ground-space tests. Na- 
tional Aeronautics and Space Administra- 
tion reported that one of two identical 
transponders carried on the spacecraft 
can be operated providing the satellite's 
telemetry transmitter is turned off during 
the relaying of communication signals. 

Radio Corp. of America, which built 
the Relay satellite, is analy/.ing telemetry 
data in an effort to determine why this 
should be necessary since the payload 
was designed to permit simultaneous 
operation of the main satellite transmit- 
ter and the telemetry transmitter. 

The other main Relay transponder No. 
1 still is inoperative because of a mal- 
function in its voltage regulator that oc- 
curs whenever the regulator, located in 
the base of the spacecraft, becomes too 
hot or too cold. RCA scientists arc at- 
tempting to pinpoint the cause of the 
trouble in the hope of alleviating it. 
There is speculation that it may be the 
result of radiation-produced ionization 
similar to that which caused Telstar to 
malfunction (sec story). 


ble to future damage. This makes it 
difficult to predict how long the current 
fix will remain effective. 

The ingenuity of BTL scientists in 
pinpointing the specific cause of the 
Telstar failure on Nov. 23 resulted 
from extensive tests with the satellite 
telemetry' transmitter, which remained 
operational, and success in recreating 
the same fault in the laboratory by- 
subjecting an identical decoder to radi- 
ation. But the fact that it proved pos- 
sible to get around the malfunction 
once it had been pinpointed to accom- 
plish self-healing was good luck result- 
ing from a decoder design characteristic 
that was never intended for such use. 

It has long been known that transis- 
tors and other semiconductors are 
subject to crystal structure damage in 
the presence of high-intensity radiation, 
but it was only in October, 1961, that 
another type of degradation was dis- 
covered at Brookhaven National Labo- 
ratory. This is a surface effect which 
results when air or gas within the 
semiconductor enclosure is ionized by 
radiation. The ions collect on the 
surface of the semiconductor crystal and 
adversely affect the current gain of a 
transistor, particularly made of silicon. 

Degradation is greatly accelerated if 
the transistor has reverse bias voltage 
applied. The effect increases with the 
second power of the voltage. Transis- 
tors used in digital circuits, such as a 
command decoder, operate with com- 
paratively high bias voltage and there- 
fore are particularly sensitive to such 
ionization damage. 

BTL scientists carefully screened the 
transistors selected for Telstar, using 
devices which demonstrated relatively 
low susceptibility (AW Dec. 3, p. 95). 
However, screening tests and shielding 
provided were based on the intensity 
of the natural Van Allen radiation. 
BTL could not anticipate the 100-fold 
increase which would result from the 
Starfish test that took place the day- 
before Telstar went into orbit. 

The first indication of pending failure 
of the Telstar decoder occurred after 
mid-November, when the satellite failed 
to respond to command signals during 
the first pass or two over the ground 
station at Andover, Me. but would 
respond during subsequent passes. Be- 
cause the reverse bias on many of the 
transistors in the decoder is greatly re- 
duced when it processes commands, the 
fact that Telstar failed to respond to 
initial commands, but reacted on subse- 
quent passes, suggested that the diffi- 
culty was due to ionization effects. This 
provided valuable guidance for subse- 
quent trouble-shooting operations. 

If this diagnosis were correct, BTL 


scientists reasoned that it should be 
possible to obtain self-healing action on 
the transistors if power could be re- 
moved completely from the satellite 
decoder for a sufficient period of time. 
During extensive periods in December 
when the satellite was in the earth's 
shadow, there would be no power from 
the solar cells and the satellite had 
provision to enable the ground terminal 
to disconnect the satellite's batteries 
from the power bus. But the batteries 
could not be disconnected except 
through the use of the command de- 
coder, and the decoder would remain 
inoperative until the batteries were 
disconnected, a discouraging circle of 

It was suggested that if the specific 
nature of the fault in the decoder could 
be pinpointed, it might be possible to 
devise a "skeleton key" which would 
unlock its operation sufficiently to per- 
mit the batteries to be disconnected 
and the self-healing process to be in- 
stituted. 

During the month following Telstar's 
failure, BTL scientists devised a num- 
ber of diagnostic test commands which 
were transmitted to satellite to check its 
response. Meanwhile, an identical de- 
coder was subjected to radiation tests 
in the laboratory'. The first component 
to fail was a silicon transistor in the 
"zero” gate, and this failure caused 
decoder operation similar to that ex- 


Norad Center Excavation 

Deep mining of Norad’s projected 
underground combat operations center 
located in Cheyenne Mountain near 

plans ’for buildings and utilities are to be 
submitted to Army Corps of Engineers 
this month. 

Underground facility will feature a 
complex of three-story buildings with 
support areas for fuel, water and other 
utilities. Excavations so far completed 
include a grilhvork of intersecting cham- 
bers either 32 or 45 ft. wide and about 
60 ft. high. 

Buildings will be spring-mounted on 
each side to reduce the shock effects of 
nuclear warhead detonations to a level 
that can be acceptable for the sensitive 
electronic command and control equip- 

Access to the underground complex is 
through a 32-ft. wide two-lane tunnel 
which enters the mountain about 2.000 
ft. northeast of the complex. A second 
tunnel, primarily used for air intake to 
the underground area, is 15 ft. wide and 
enters the mountain about 4,000 ft. 
south of the underground complex. 


AVIATION WEEK ond SPACE TECHNOLOGY, January 14, 1963 



Russian Barrage Rockets in Cuba Parade 

Unguided, rail-launched artillery rockets, simplest form of rockct-propciled weapon, are 
carried through Havana streets on Russian-built trucks during Jan. 2 parade commemorating 
fourth anniversary of the Cuban revolution led by Fidel Castro. Rockets are loaded on 
simple rail launchers in four flights of eight rounds each and probably arc ripple-fired. Each 
rocket is approxmiatelv five feet long and six inches in diameter. Launcher angle probably 
can be varied by hydraulic jacks to alter range. Fins are used to reduce dispersion of rounds, 
may also spin-stabilizc rocket. Russians began using this type of rocket weapon carlv ill 
World War 2. and had standardized it as a barrage weapon by the early postwar years. 


hibited by Telstar in response to diag- 
nostic test commands being attempted 
by the Andover station. 

There arc two gates in the decoder. 
The “zero" gate is designed to respond 
to the presence ot a short-duration pulse 
from the ground while the "one" gate 
responds to a long-duration pulse. 
Andover tests indicated that the "one” 
gate was operating properly. 

When either the "zero” or "one” 
gate is actuated by the appropriate 
pulse, it transmits a pulse to a binary 
counter which in turn sends a pulse to 
a flip-flop register roughly 100 micro- 
seconds later, a delay built-in to im- 
prove operation. When actuated, the 
"one” gate, but not the "zero” gate, 
sends a pulse directly to the flip-flop 
register. If the register receives two 
pulses approximately simultaneously, it 
knows the command is a “one,” while 
if it receives but a single pulse from 
the counter, it knows the pulse is a 

Because of the 100-microsecond de- 
lay and the fact that the "one” gate was 
operational, it occurred to BTL sci- 
entists that a long-duration "one” pulse 
might be altered so that it would pass 
through the operating “one” gate but 
would appear to the flip-flop register 
to be a “zero.” This could be ac- 
complished by "notching" the long- 
duration pulse at an appropriate instant 
so that its amplitude would fall so low 
at the time the counter pulse arrived 
that the register would think there was 
only one pulse present and interpret 
this to be a “zero." The idea was tried 
on the laboratory decoder which had 
been damaged by radiation tests and 


it worked, providing the notch duration 
and timing were correct. 

Equipment quickly was built for send- 
ing such notched pulse commands for 
two of the 1 5 command functions built 
into Telstar. Those selected were non- 
critical functions that could be used to 
evaluate the technique. During the first 
attempt on Dec. 20, pass No. 1,-192, 
the technique worked and triggered a 
response from Telstar. 

However, there were some reserva- 
tions about the idea. If it proved pos- 
sible to disconnect the batteries but self- 
healing did not take place, it might be 
impossible to reconnect them and Tel- 
star would lose its tracking beacon and 
telemetry voice when it was in the 
earth's shadow. It was therefore planned 
that a full catalog of 1 5 pseudo notched 


pulse commands would be carefully pre- 
pared while Andover continued to ex- 
periment with the proper timing and 
duration of the notch, using the two 
non-critical commands. 

Then, for reasons unknown, perhaps 
due to atmospheric noise, the pulse 
which normally clears the register of an 
old command in preparation for a new 
one failed to function during one test 
run. By sheer accident, the non-critical 
test commands disconnected the bat- 
teries before it was planned to do so. 

Anxious hours followed while Tel- 
star was in the earth's shadow, then on 
Dec, 27, as Telstar came into view of 
Andover, the regular commands were 
sent to the satellite and it responded 
partially, but had not yet fully re- 
covered. 

The self-healing action was repeated 
for the next several dais and finally on 
Jan. 3 the Telstar satellite responded 
normallv to regular commands from the 
ground. 

In operational communication tests 
since then, television and other signals 
have been successfully relayed between 
Europe and the U. S. without any ap- 
parent degradation in performance since 
November. 

Telstar 2 is expected to be less sus- 
ceptible to radiation ionization damage 
when launched this spring. There has 
been considerably more time for BTL 
to run gamma ray screening tests on 
semiconductor components so it can 
select those least susceptible to dam- 
age. Increased shielding also will be pro- 
vided for critical decoder circuits that 
are operated at high reverse bias volt- 
ages and therefore are the most vulner- 
able to damage. 

It is also expected that the improved 
Delta launch vehicle will be able to give 
Telstar 2 an orbit with a higher perigee 
of around 2.000 mi., compared with S00 
mi. for Telstar 1. This will reduce the 
intensity of radiation to which the satel- 
lite will be exposed. 


UTC Fires Cluster of Four Solid Motors 

San Jose, Calif.— Cluster of four six-scgnient, solid-propellant rocket motors lias 
been successfully fired by United Aircraft’s United Technology Center at its facility 
here. Simultaneous ignition was provided by spraying hypergolic fluid along solid 
grain of each of the motors. 

Cluster produced a total thrust of approximately 140,000 lb. during the 14-scc. 
run. with each engine developing a thrust level of about 35.000 lb. 

UTC, which is developing the 120-in.-dia. boosters for Titan 3. claims the tech- 
nique also appears applicable to simultaneous ignition of clusters of large boosters. 
Simultaneous ignition of such clusters is essential for launch, since uiisvminctrical 
forces caused by a dead or late-firing motor could not be corrected by the control 

Firing test was the first of three scheduled by UTC involving two basic types of 
ignition systems. Next two firings will be with an aft-end rocket ignition system in 
which small rocket motors are simultaneously fired up the nozzle of each segmented 
motor to trigger combustion. 

Both hypergolic and aft-end rocket ignition systems arc designed to lie pad-mounted 
rather than vehicle-mounted. 
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Congress to Examine Offensive Flexibility 


By George C. Wilson 

Washington— Congressional concern 
over the cancellation of the Skybolt 
missile is distilling into the fundamental 
question of whether the Kennedy Ad- 
ministration is losing the offensive flexi- 
bility it promised by relying too heavily 
on missiles as opposed to manned air- 

Tlie issue over the next several 
months will pit leaders in Congress 
against Defense Secretary Robert S. 
McNamara in a series of House and 
Senate armed sendees committee hear- 
ings which promise to be the liveliest 
since President Kennedy assumed office. 

Although the Skybolt cancellation 
(see p. 31) will dominate the earlv hear- 
ings, Congress this year also will chal- 
lenge Administration policy on military 
space, Air Force cooperation with the 
National Aeronautics and Space Admin- 
istration, weapons to India, anti-missile 
missile development, obsolescence of 
much of the Navy's fleet, anti-submarine 
warfare developments and their impli- 
cations for the U.S. Polaris deterrent, 
nuclear-powered missiles, and unifica- 
tion of the armed forces through execu- 

Scveral Republicans believe many of 
the Kennedy Administration's military 
decisions can be turned into national 
campaign issues, while some Democrats 
are becoming exasperated with McNa- 
mara’s inflexible attitude. For example, 
Chairman A. Willis Robertson (D.-Va.) 
of the Senate Defense Appropriations 
Subcommittee said: The Secretary' of 
Defense is a very brilliant man but he 
is also a very stubborn man." Sen. 
Robertson is among those who have 
been unsuccessfully urging McNamara 
to place more emphasis on manned 
bombers. 

Legislative Uneasiness 

Between the political considerations 
and personal dismay, there is a large 
amount of genuine uneasiness among 
influential lawmakers about President 
Kennedy’s military policy. Several sena- 
tors and representatives told Aviation 
Week & Space Technoeogy this un- 
easiness intensified when Skybolt was 
canceled. 

Chairman George Mahon (D.-Tcx.) 
of the House Defense Appropriations 
Subcommittee said: "This cancellation 
of the Skybolt project, along with no 
evidence of accommodation to move 
forward on an RS-70 weapons system, 
gives me a lot of concern. . . . We may 
be phasing ourselves out of the strategic 
bomber business too rapidly ... I don’t 
like to sec us limit ourselves to ballistic 
missiles. We need to have a real hard 
look at this.” Rep. Mahon said these 


fears are widely held in Congress; that 
the lawmakers who appropriate the 
money want to know what the alterna- 
tives are to manned aircraft equipped 
with such air-to-ground missiles as the 
Douglas Skvbolt. 

Rep. Gerald R. Ford, Jr. (Mich.), 
ranking Republican on the powerful 
House Defense Appropriations Subcom- 
mittee, expressed similar fears about the 
Kennedy Administration’s military 
policy. He said McNamara emphasized 
the need for a mixed force and prom- 
ised not to rely on any one weapon sys- 
tem. "But now," said Rep. Ford in 
reference to the phasing out of bombers 
and cancellation of Skvbolt, “are wc 
putting everything in one basket?" 

If Rep. Ford becomes convinced the 
Kennedy Administration is doing this, 
he is in an excellent position to turn 
this decision into a Republican cam- 
paign issue between now and 1964. Not 
only does he have the solid platform 
of the Defense Appropriations Subcom- 
mittee to stand on, but he was elected 
last week as chairman of the House 
Republican Conference, which gives 
him a bigger say in party affairs. 
Skybolt Cancellation 

Chairman Richard B. Russell (D.- 
Ga.) of the Senate Anned Services 
Committee and Carl Vinson (D.-Ga.), 
his House counterpart, will explore in 
detail the implications of the Skybolt 
cancellation during hearings expected to 
begin later this month. Both men have 
advocated more emphasis on manned 
bombers and arc expected to renew 
their pleas this year. Sen. Clair Engle 
(D.-Calif.), member of the Anned Serv- 
ices Committee, echoed Rep. Ford's 
doubts about concentrating u. S. nu- 
clear deterrent in missiles. 

Sen. Leverett Saltonstall (Mass.), 
ranking Republican on both the Senate 
Anned Services Committee and Defense 
Appropriations Subcommittee, said the 
cancellation of Skybolt raises the ques- 
tion of whether more emphasis should 
be placed on the North American 
Hound Dog air-to-ground missile. "Is 
the Hound Dog obsolete?" he asked. 
"I’ve never heard that question an- 
swered satisfactorily." 

What bothers many members of 
Congress is that Skybolt was canceled 
by the same Administration right after 
they were assured it was a vital weapon. 
"I’m a layman," said Sen. Saltonstall, 
in explaining this puzzlement. “So when 
the technical people differ over weap- 
ons, I feel our function is to err on the 
side of national security. We appro- 
priate the amount of money needed and 
then let the Pentagon fight it out," But 
in the Skybolt case, there was no ap- 
parent disagreement on technical 


grounds when the funding request came 
to Congress— yet it was canceled partly 
on technical grounds. 

Last Jan. 19, McNamara told the 
Senate Anned Services Committee: “I 
personally met with the Douglas execu- 
tives in charge of the Skybolt develop- 
ment on two occasions in the past 
several months. 1 have discussed it on 
a number of occasions with the Air 
Force, particularly with Gen. Schriever. 
I think it is our joint opinion that the 
development can be concluded satis- 
factorily." He said all the money needed 
for Skybolt was being provided, and 
that the only financial problem was that 
the estimate of $214 million for re- 
search and development had proved 

Manned Bombers 

At another point in the same hear- 
ings, McNamara said: ". . . We must 
be prepared to have manned bombers 
in our force indefinitely into the 1970s, 
and to that end we must carry on de- 
velopment work that will permit us to 
bring in new manned bombers, if that 
seems desirable in the latter part of this 
decade, and that development work is 
being continued." 

Tire Defense Secretary said: "Obvi- 
ously, the size and kind of forces we 
will need in the future will be influ- 
enced, in large part, bv the size and 
kind of long-range nuclear forces the 
Soviets could bring against us and our 
allies and by the effectiveness of their 
defensive system. If we assume, as in 
fact we have, that the Soviet Union will 
eventually build a large ICBM force, 
then wc must concentrate our efforts 
on the kind of strategic offensive forces 
which will be able to ride out an all-out 
attack by nuclear-armed Soviet ICBM's 
in sufficient strength to strike back 
decisively. 

“In order to improve their chances 
of penetrating to their targets, the 
manned bombers will need the help of 
missiles for suppression of enemy air 
defense— Hound Dog and Skybolt air- 
to-ground missiles and Minutenran 
ICBMs,” McNamara said in the same 
presentation last year. 

“Hard targets could also be attacked 
directly by Atlas and Titan missiles 
because of their heavier warheads, but 
they are less accurate than bombs 
dropped by manned aircraft. The Po- 
laris has the greatest survival potential 
of any of our long-range delivery sys- 
tems in a nuclear war environment. 
Thus, a properly balanced combination 
of all of these weapon systems is re- 
quired and provided for in our strategic 
forces,” he said. 

These and other statements by Ad- 
ministration leaders will be used as the 
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Jet power for Shorter hauls will bring the jet age to hun- 
dreds more cities around the world. To power profitable short/medium-range 
jetliners, Piatt & Whitney Aircraft has developed economical new engines such 
as the turbofan JT8D. Pratt & Whitney Aircraft provides design and manu- 
facturing leadership in power for many applications, in and out of this world. 
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lawmakers challenge McNamara no! 
only on Skybolt but such other alterna- 
tives to conventional missiles as the 
nuclear-powered supersonic low-altitude 
missile (SLAM) being developed by the 
Air Force. 

'Civilian' Decision 

Sen. Robertson said "the decision to 
scrap Skybolt was made by civilians and 
made solely from the standpoint of 
financial reasons. The Air Force is now 
ready to go into production if given 
the authority to do so.” He said the 
total cost of the Skybolt would be S2.5 
billion, charging its full development 
costs had been exaggerated. “I haven’t 
changed my opinion about Skybolt be- 
ing a valuable addition to our long- 
range bombers, especially in view of the 
Administration's policy on the RS-70,” 
Sen. Robertson said. 

Detractors of the Skybolt, he said, 
"have just misrepresented it from even' 
standpoint.” 

He said it will cost the U. S. far more 
than Skybolt to support its operations 
in the Congo and to land a man on the 
moon. He added: “We can certainly 
afford to spend $2. 5 billion to give us 
the deterrent effect of long-range bomb- 
ers equipped with nuclear weapons.” 
Sen. Robertson said lie had little hope 
of reversing the Administration’s policy 
on Skybolt, pointing to past refusals of 
the Defense Dept, to spend more money 

As for the Defense Dept.’s space pro- 
gram, Rep. Mahon said “we’re getting 
too far away” from military space prob- 
lems. "ft would be unwise to divorce 
space from our military effort.” he said, 
adding his subcommittee would devote 
several days of hearings this year to the 

Rep. Ford said that during such 
hearings he wants to delve into re- 
ports of friction between civilian and 
military space officials. 

Aid to India 

The question of U. S. relations with 
its allies will center on the Administra- 
tion’s plan to continue supplying weap- 
ons to India and on the contribution of 
North Atlantic Treaty Organization 
countries to the West’s defense. Sen. 
Russell opposes military aid to India, 
contending the arms would fall into the 
hands of Chinese Reds. President Ken- 
nedy’s pleas for more allied contribu- 
tions will intensify similar demands 
from the lawmakers during hearings on 
the Defense Dept, and State Dept, 
budgets. 

Anti-missile missile discussions will 
focus on whether Fiscal 1964 is the 
time to expand the Army’s Nike Zeus 
program, with the Administration al- 
ready on record as favoring further proof 
of the weapon’s effectiveness. 

Reps, Vinson and Ford are among 
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those lawmakers who intend to find out 
if the so-called block obsolescence of 
much of the Navy's fleet is justified or 
whether a larger shipbuilding program is 
advisable. Rep. Ford said he is espe- 
cially interested in anti-submarine war- 
fare progress, adding that progress in 
the U. S. will help indicate the vulner- 
ability of Polaris submarines. 

Rep. Porter Hardy (D.-Va.) has been 
named by Rep. Vinson to replace Rep. 
F. Edward Hebert (D.-La.) as chairman 
of the House Armed Services Special 
Investigations Subcommittee. Rep. 
Hardy last year severely criticized Mc- 
Namara's consolidation of Defense 
Dept, functions, contending the sendees 
were steadily being unified by execu- 
tive action without approval of Con- 
gress. Rep. Hardv most likely will ex- 
plore this subject further if Rep. Vinson 

U. S. Tries to Avert 
Strike at Boeing Co. 

Washington— Federal Mediation and 
Conciliation Sendee made a final at- 
tempt late last week to resolve the dis- 
pute between Boeing Co. and Interna- 
tional Assn, of Machinists. 

The company is confronted with a 
strike Jan. 1 5. If agreement is not 
reached before then, the prospect is that 
the President will invoke the 80-dav 
no-strike injunction provision of the 
Taft-Hartlcy Law. 

This is the course that President 
Kennedy took in the case of Lock- 
heed Aircraft Corp. to assure uninter- 
rupted defense production. 

Boeing indicated in a public state- 
ment that an advisory board appointed 
by the President has hindered rather 
than helped negotiations. In its report 
to the President, the board, headed bv 
Saul Wallen, criticized the company 
for its unalterable opposition to a union 
shop (AW Jan. 7. p. 50). 

In response to the Wallen report, 
Boeing stated: 

"Notwithstanding statements of the 
board, the company throughout the ne- 
gotiations . . . has endeavored in good 
faith to bring about a settlement which 
would be equitable and would result in 
providing the best possible solution 
from the standpoint of the nation, the 
employes, and the company. 

"Since appointment of the board on 
Sept. 18, direct negotiations with the 
union have been at a virtual standstill. 
We now propose to resume negotia- 
tions with the union and arc hopeful 
that a settlement can be reached before 
Jan. 1 5, the extended expiration date of 
the contract.” 

Other labor developments last week 

• Lockheed Aircraft Corp. — Chairman 
Courtlandt S. Gross urged an imme- 
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diatc rote by workers on a final com- 
pany proposal. Under terms of Taft- 
Hartlcy Law, such a vote will be held 
between Feb. 1 and Feb. 15. If a ma- 
jority of workers reject this proposal, 
the company will be confronted with a 
strike Feb. 21, the expiration of the S0- 
day cooling off period of the Taft-Hart- 
ley Law. 

• McDonnell Aircraft Corp. — A three- 
year contract has been signed between 
the company and IAM, giving workers 
increased wage, hospitalization, and va- 
cation benefits. IAM already had a 
union shop at McDonnell. 

Russia Claims Radar 
Contact With Mercury 

Washington— Soviet Union claims it 
made first successful radar contact with 
Mercury last summer when planet was 
about 55 million miles from earth, fol- 
lowing contact with Venus made in 
1961 by U. S., British and Soviet scicn- 

Only sparse information on the 
Mercury contact has been released, but 
more details will be published in scien- 
tific journals, the Soviet embassy here 
said. 

Presumably the Soviets used the 
same 700 me. radar employed for Venus 
experiments, extending its effective 
range through “improvement of trans- 
ceiving apparatus and the application 
of latest methods of detecting weak 
signals," At the planet’s approach, a 
radar telescope requires about 1 00 times 
the sensitivity to contact Mercury as 
to reach Venus, because of the former’s 
greater distance and considerably 
smaller size. 

Assuming the Soviet claim is valid, 
the same equipment should be able to 
make radar contact with Mars during 
the next several months when it ap- 
proaches earth, since it is 40% larger 
in diameter than Mercury. The Mer- 
cury experiment confirmed the value of 
the astronomical unit determined by 
Venus contacts in 1961, the Russians 

The Soviet Union also reported that 
it bounced coded radio signals off 
Venus over a distance of 55 million 
miles. Using Morse code, the word 
“mir"— peace— was reflected on Nov. 19 
and the words “Lenin" and "USSR” 
were bounced off the planet on Nov. 24. 
This experiment is not considered to 
be as significant technically as the Mer- 
cury contact, according to U.S. ob- 

USAF’s Project Haystack facility, 
now under construction near Boston, 
is expected to have the capability of 
making radio contact with Mercury, 
Mars and Jupiter. The Project Hay- 
stack facility will become operational 
at the end of 1965. 
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Funds Lack Again Delays Gemini 
Despite Transfer of $85 Million 


By Edward II. Kolcuni 

Washington— First Gemini flight is 
facing another delay caused by funding 
shortages in spite of extensive repro- 
graming by the National Aeronautics 
and Space Administration that has 
added another S85 million to the 
manned flight program. 

Unmanned ballistic lob. which is the 
first Gemini mission, now appears un- 
likely before April or May. 1%-t. It 
had been scheduled for this fall, then 
late this year, and most recently for 
early next year. The first manned or- 
bital mission would occur three months 
after the lob shot. 

This delay is blamed solely on lack 
of money: Gemini contractors have 
been told by NASA not to go to a full 
buildup in work force and production 
capability. The agency position is that 
full Ccmmi production at this time 
will virtually wipe out all other research 
and flight programs. A minority view 
in NASA however, is the feeling that 
manned flight should stav on schedule 
at the expense of all other programs. 

In the research and development re- 
programing effort. Rebound passive 
communications satellite pro|cct was 
killed. Net result to other programs was: 

• Manned flight, defending a program 
of $1,592,000,000, now has $1,515,- 
000,000 for a loss of S77 million. By 
removing the Nova launch vehicle from 
the manned lunar landing, S205 million 
was subtracted from the approved pro- 
gram. Comparison then became SI,- 
5S7.000.000 for Mercury, Ccmini and 
Apollo, and SI. -170, 000.000 approved, 
for a net gain of $85 million. Nova 
development has been suspended be- 
cause lunar orbit rendezvous landing 
technique will use an advanced Saturn 
C-5 vehicle for launch. 

• Applications satellites, with an origi- 
nal $1 36 million, now has $116 million. 
The loss came from cuts in the com- 
munications satellite program. NASA 
has made a fundamental decision to 
concentrate on developing the engineer- 
ing techniques of the synchronously- 
orbiting Svncom satellite until the re- 
sponsibilities of the Communications 
Satellite Corp. and Defense Dept, in 
satellite communications arc better dc- 

As a result, Rebound has been can- 
celed, the flight program for advanced 
Relay has been canceled and this pro- 
gram reverts to a study. Work and 
flight planning will continue on Echo 
2— the satellite selected for the first 
U. S.-Soviet cooperative space program. 

In its concentration on Svncom, 


NASA expects to solve problems of 
injection, station keeping and attitude 
stabilization. 

• Space sciences defended a $544-mil- 
lion program and is receiving $576 mil- 
lion, for a S32-million gain. This entire 
amount is going to the Centaur launch 
vehicle program. 

• Advanced research defended a S505- 
niilhon program and will receive S514 
million, for a S9-million gain. There 
has been some complaint in this office 
of severe program cuts, but a kev NASA 
official said the office began the fiscal 
year by using an operating plan 40% 
higher than that which was programed. 

• Tracking defended a SI 5S-million 
budget, and received SI 73 million, for a 
$1 5-million gain. The added money is 
earmarked for the Gemini network. 

Top NASA officials were ordered by 
Vice President Johnson not to argue 
publicly about their money problems 
after a fundamental disagreement be- 
tween NASA Administrator James E. 
Webb and Brainerd Holmes, manned 
space flight chief leaked into the open 
(AW Nov. 19, p. 26). This has not 
lessened a dissatisfaction by some hi 
manned flight programs over Webb's 
refusal to fight for more money in a 
supplemental appropriation. 

The agency learned that it would be 
short some S450 million in late Septem- 
ber when it had finished pricing the 
lunar orbit rendezvous technique for 
landing two men on the moon. At that 
time, NASA could have borrowed from 
other programs to make up the deficit, 
hut decided instead to slow the con- 
tractor buildup pace so manned flight 
stayed within spending limit of S1.47 
billion for this year. This was the rea- 
soning behind the decision: 

• Apollo target date of February, 196S 
for a manned lunar landing will not be 
jeopardized bv witholding the needed 
money, although chances were strong 
that the Gemini schedule will slip. 

• Practically, NASA couldn't expect to 
get the money it needed when it was 
needed— last October, November and 
December. One official said that even 
if President Kennedy and Vice Presi- 
dent Johnson used their influence to 
push through a supplemental, the money 
would not be available until next April. 

The alternative of borrowing from 
other programs, on the chance that a 
supplemental appropriation would be 
passed, would have suspended work on 
a significant number of programs already 
under contract, including Ranger. Sur- 
veyor and some scientific satellites. 
Webb looks upon Ranger, Surveyor and 
those satellites makine measurements 


of space as distinct parts of the manned 
lunar landing program, since they will 
contribute design information to Apollo. 

The fact that Nova is in the Fiscal 
1963 budget and funded at S205 mil- 
lion has helped reduce NASA's money 
roblcms, because only S45 million will 
c spent on the vehicle— mainly on the 
Aerojet M-l engine and for vehicle 
concept studies. One of the arguments 
of manned flight officials was that the 
Nova money should be committed to 
the lunar landing program, since they 
defended these funds before Congress. 

However, much of the funds was ab- 
sorbed in a NASA-wide cut of SI 1 3 mil- 
lion in appropriations (AW Oct. 1 5. p. 
34), and Webb felt it necessary to keep 
the space program as broadlv-bascd as 
it was pictured in congressional testi- 
mony. Tlie dilemma this year is that 
the agency was forced to get prices on 
an entirely new technical approach in 
July, when it selected the lunar orbit 
rendezvous technique for Apollo, long 
after the NASA program was presented 
to Congress. 

NASA Plans Direct 
Atlas Agena Buying 

Washington— Space agency may buy 
the Atlas Agena B vehicle directly from 
contractors and name a prime vehicle 
contractor for integration, thus elimi- 
nating the Air Force as middleman in 
procuring the vehicle for its scientific 
and manned Ccmini space flights. 

Space sciences officials from National 
Aeronautics and Space Administration 
recently met at Cape Canaveral to dis- 
cuss Atlas Agena launch procedure's. 
Under terms of an agreement reached 
between Defense Dept, and NASA 
three years ago. Air Force has acted as 
procurement agent for the seven vehi- 
cles NASA has already used— fisc for 
Ranger launches and two for Mariner. 

NASA has felt that a single responsi- 
ble contractor for integrating the vehi- 
cle should be named, and that Atlas 
Agena B should be standardized for its 
missions. The agency plans to increase 
greatly its use of the vehicle, and has 
assigned 20 missions to it over the next 
three years for planetary, scientific satel- 
lite and manned programs. 

Agena B is the target vehicle in Ge- 
mini rendezvous flights. Other firm 
missions are the eccentric orbiting geo- 
physical observatory, orbiting astronom- 
ical observatory'. Ranger and Mariner R. 

With the cancellation of the Re- 
bound passive communications project 
(sec p. 32), this mission has been de- 
leted from the Atlas Agena B schedule. 

Prime vehicle contractors are Gen- 
eral Dynamics Astronautics for the 
Atlas stage and Lockheed for Agena. 
USAF has retained responsibility for ve- 
hicle integration. 
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Grumman May Produce T wo Dozen 
Lunar Landing Modules for NASA 


Houston— As many as two dozen two- 
man Lunar Excursion Modules (LEMs) 
may be built by Grumman Aircraft En- 
gineering Corp. for National Aeronau- 
tics and Space Administration under 
tenns of a definitive contract being ne- 
gotiated by NASA and Grumman. 

Included would be research, develop- 
ment and test vehicles. 

NASA is anxious to conclude a defini- 
tive contract as early as possible, rather 
than work on the basis of a letter con- 
tract for any extended period of time. 
Grumman's first job, therefore, is to 
work out a firm scheduling program. 

This conference included discussions 
on the technical design approach, pro- 
viding Grumman personnel with some 
critique by NASA of the proposal and 
outlining priority assignments. A re- 
view of subcontracting to be considered, 
planning on how this subcontracting is 
to be handled and discussions on the 
operating organization to be established 
bv the contractor and NASA to sched- 
ule future meetings and methods of 
liaison also were discussed. 

Definitive contract with Grumman is 
expected soon. Development of a sub- 
contractor list and selection of sub- 
contractors will take several months. 
Feeling at NASA's Manned Spacecraft 
Center is that LEM should be able to 
make use of much equipment that is 
currently under development for other 
spacecraft programs (see box below). 
MSC is making available to Grumman 
considerable research data it has col- 
lected on subsystems for Mercury, 
Gemini and Apollo. 

LEM will utilize a basically alumi- 
num alloy structure. Its mass' will be 
about 12 tons fully fueled at the time it 
separates from the mother craft. Grum- 


man concept embodies a five-point land- 
ing gear which will handle touchdown 
impact of some 1 5 fps. Shock absorp- 
tion approach most favored currently is 
based on use of a crusliable material. 
Landing gear design will favor a very 
braid range of conditions and should 
later data show need for a major rede- 
sign, cither for more rugged, heavier 
structure, or a lighter, less rigorous one, 
changes can be made without making 
extensive modifications. 

MSC technicians feel design ap- 
proach should tend to push the craft’s 
capabilities and weight as close to the 
payload lifting capabilities of the 
booster as possible, rather than allow- 
ing payload capacity to be wasted. They 
point out that booster experience to 
date has shown that thrust specifications 
have either been met or exceeded and 
design lives of boosters have steadily in- 
creased. 

Cabin pressurization will be about 
4-5 psi. and utilize a pure oxygen atmos- 
phere. according to MSC. Occupants 
will wear space suits at all times. Shirt- 
sleeve environment is not considered at 
this time. NASA is making available to 
Grumman data relating to structural 
requirements to handle anticipated 
micrometeoroid penetration. 

A major technical problem is the 
descent engine, which will have a re- 
quirement for extreme reliability in 
throttling capability over a thrust range 
of 1.000 lb. to lO'.OOO lb. Parallel de- 
velopment programs by several compa- 
nies are anticipated prior to selection of 
a contractor (AW Dee. 10. p. 35). 
Ascent engine is expected to be a more 
straightforward problem, since it will 
not require the throttling capability of 
the descent engine. 


Ascent engine thrust will range be- 
tween 2,000-5.000-lb. Current inclina- 
tion at MSC on fuels is toward storable 
type, but cryogenics arc a possibility 
and will be studied because of their 
additional pcrfonnancc capabilities. 

News Digest 


Hawker P.1127 VTOL deck landing 
trials will begin mid-February' aboard 
the aircraft carrier Il.M.S. Ark Royal. 
Main problem for evaluation is that of 
effect of vertical efflux on flight deck, 
particularly effect of temperature. 

Allison Division of General Motors 
will build a lightweight mobile military 
nuclear reactor for field use and opera- 
tion as an electrical power source dur- 
ing civil defense and other emergencies. 
High-temperature, liquid metal-coolcd 
reactor will be coupled to a power con- 
version system and will be designed to 
generate 3,000 kw. of electricity. Con- 
tract from Atomic Energy Commission 
has an estimated value of $60 million 
over several years duration. 

First Soviet-built MiG-21 fighters arc 
on their way to India by sea. Indian 
sources reported last week. Previously 
announced air delivery (AW Dec. 17, 
p. 36: Dec. 24. p. 27) was canceled 
when transit rights were refused by 
Pakistan and other countries. Other 
aircraft, including 12 An-12 transports 
and 6 Mi-4 helicopters were reported 
ready to leave Russia by air for India. 

Lebanese defense ministry 1 ordered 
five Aloucttc Mark 3 helicopters from 
Sud Aviation. Additional Alouettc 3 
orders were also placed by Rhodesia. 

Gamda Indonesian Airways lias pur- 
chased three Convair 990As. the first 
turbojet aircraft in its fleet. Airline also 
operates Lockheed Electras in addition 
to piston equipment, 

USAF Bomarc B missile recently in- 
tercepted a QB-47 drone flying at a few 
hundred feet altitude in a test exercise 
over Eglin Gulf Test Range. Low alti- 
tude interception, described by the Air 
Force as the first in the Bomarc B tests, 
was achieved with the aid of the 
Burroughs Airborne long-range input 
(ALRI) system, carried aboard an F.C- 
12111 picket aircraft. 

Regular radio communications ses- 
sions with the Soviet Mars probe were 
held between Jan. 2-8, according to the 
Soviet news agency Tass. "Radio link 
with the probe was stable and telemetric 
information was received confidently," 
the agency said. At 8 a.m. Moscow 
time. Jan, 9. Mars probe was 28,563.000 
km. from the earth. 


LEM to Use Apollo Components, Subsystems 

Washington— Grumman Aircraft Engineering Corp. lunar excursion module will 
make wide use of components and subsystems developed for the Apollo command 
and service modules in order to obtain high reliability and reduce the complexities 
of testing, checkout, replacement and maintainabilitv. 

Grumman has been meeting with North American Aviation. Inc- prime Apollo 
contractor, and National Aeronautics and Space Administration since last November 
on the question of common usage of components, and has been negotiating with 
NASA on its fee and subcontractor list (AW Dec. 17, p. 36). 

Decision to use common components docs not restrict Grumman to the same sub- 
contractors or major systems which North American has for command and service 
modules, according to Maj. Richard C. Henry of NASA's Apollo spacecraft develop- 
ment directorate. He said such hardware items as thrusters, rate gvros. computers, 
VHF antennas and encoders probably will be identical in the modules. 

Major remaining systems in the bug arc structure, reaction controls, electrical 
power, crew, environmental control scientific investigation, stability control, guidance 
and navigation, communications and mslrumentation. lunar takeoff propulsion and 
landing gear. Massachusetts Institute of Technology is associate contractor for all 
Apollo guidance and navigation, including that on the bug. 
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Political Unrest Threatens African Airlines 


Carriers fear that government instability due to 
nationalism may block progress in air transport 

By Robert H. Cook 

Nairobi, Kenya— Uliura, the Swahili word for freedom, is becoming the 
most crucial problem yet faced by Africa's young, energetic airline industry 
as the white-dominated managements struggle to retain control in the face 
of African nationalism. 

In a recent 3.000-mi. survey of airlines from Cairo. Egypt, to Salisbury. 
Rhodesia. Aviation Week & Space Technology found airline managements 
—both in independent countries and colonies— unanimous in their concern 
that failure of Africa to achieve political stability as soon as possible will block 
further airline progress or destroy what has been achieved the past 1 3 years. 


National politics and airline econom- 
ics arc inextricably intertwined in Africa, 
and while the philosophy of Uhuru is 
popular, interpretation of the word 
changes from countrv to country. 

Egypt, under the direct control of 
strongman Gamal Abdel Nasser, has 
progressed and gained in stature through 
its ambitious plans to improve the lot 
of its people, and thus has become the 
recognized leader of the Arab world. 
Egypt’s prime source of pride is the 
nationalization and profitable operation 
of the Suez Canal— a point which Egyp- 
tians contend makes a fallacy of colonial 
fears that nationalization of industries 
under Uhuru will lead to financial ruin. 

However, this contention is some- 
what tempered by the fact that Egypt’s 
roots in civilization extend back thou- 
sands of years. Lack of this advantage by 
Africans to the south may make their 
transition under Uhuru more difficult. 
National Prestige 

Long before the High Aswan Dam on 
the Nile can benefit the country. Egypt 
hopes to expand its national prestige 
through its national flag carrier. United 
Arab Airlines. UAA now has interna- 
tional routes reaching Europe. Russia 
and Japan, and is seeking access into 
New York and eventual around-the- 
world sendee. Within the African con- 
tinent, it hopes to extend beyond the 
present major points of Algiers. Lagos, 
Accra and Nairobi. 

Here again, Uhuru takes on a differ- 
ent interpretation, as some Egyptians 
wonder whether the enthusiasm of the 
new governments and their desire to 
progress will make their negotiation de- 
mands less realistic than those of the 
more experienced colonial governments. 

Ethiopia sits as something of a neu- 
tral buffer zone between Egypt and 
Sudan to the north and white-domi- 
nated Kenya, Tanganyika and the Fed- 


eration of Rhodesia and Nyasaland to 
the south. It has no political parties and 
a parliament which sits expressly at the 
pleasure of Emperor Haile Selassie, 
whose far-sighted planning has made the 
capital. Addis Ababa, the accepted 
meeting center for a Pan African move- 
ment. To accomplish this purpose. 
Ethiopia built and donated a new build- 
ing. Africa Hall, which has housed the 
United Nations Economic Commission 
for Africa since 1960. 

Primarily because of the growing 
number of independent African coun- 
tries and the need to discuss the conti- 
nent's problems. Ethiopian Air Lines in- 
augurated the first cast-west route 
across the continent two years ago. It 
has not been profitable and may not be 
for some time, but the emperor has 
utilized the airline in such a manner 
that it not only senes as a symbol of 
Ethiopia’s desire to cooperate with the 
independent West African countries, 
but also may reap profits from future 
traffic growth. 

While the country is striving to es- 
tablish new industry and improve agri- 
cultural methods, its most promising 
source of revenue may come from tour- 
ism. and here again Uhuru comes into 
play. 

The more the flames of freedom are 
fanned in troubled Kenya, the more dif- 
ficult it has become to attract invest- 
ment money and tourists. With full 
independence achieved, most observers 
still doubt that any degree of political 
stability will be realized by the colony 
for several years, during which time the 
tourist industry could literally disappear. 

Ethiopia, blessed with a good cli- 
mate. diverse scenery and plentiful big 
game supply, is in an ideal position to 
attract this lucrative business. It has 
political stability, an efficient interna- 
tional and regional airline and improved 


airports, and is concentrating on ex- 
panding tourist facilities. A new Addis 
Ababa Hilton hotel is under construc- 
tion, and it is significant that Kenya 
hotel interests are making final plans 
to open a chain of modem hotels in 
Ethiopia. 

Ethiopia appears on the way to be- 
coming the Switzerland of Africa under 
the emperor's neutralist policies. The 
emperor has not only succeeded in plac- 
ing his country in a position to collect 
financial aid from at least six different 
foreign governments, but he has kept a 
careful eye on the future dealings of 
Ethiopia with manv African territories 
nearing independence. For example, he 
recently gave public reaffirmation of his 
personal friendship with Jomo Kenvatta. 
leader of the infamous Man Mau upris- 
ing of 1952-5S in Kenya, and now head 
of the KANU political party, which is 
expected to gain controlling power over 
an independent Kenya. 

The important question in Ethiopia’s 
future is just how long political stability 
will survive under a leader now in his 
seventies. Less than three years ago the 
emperor was forced to crush a revolt 
of his Palace Guard, and today there arc 
Ethiopians who bristle at the thought 
of a democratically-designed parliament 
under the direct control of one man. 
Their interpretation of Uhuru for Ethi- 
opia is the dispossession of the emperor, 
despite the progress being made, and 
the retention of all power in the hands 
of political parties. 

Kenya's Position 

Kenya, still under dwindling British 
control, holds the current spotlight in 
the Uhuru movement. Its government 
is already partially nationalized, with the 
controlling African power in the hands 
of the moderate KADU party. 

Great concern among the colony’s 
60.000 whites-a figure which continues 
to drop at a vets’ rapid rate— is that 
African power will pass into the hands 
of Kenyatta’s KANU party at the next 
election. They fear that the pleas of 
many enlightened Africans who want 
only a gradual withdrawal of the whites 
will be ignored by the militant KANU. 

Consequently, investment and con- 
struction in modern Nairobi has taken a 
sharp drop in the past two years. Many 
of the Kenya corps of famed white 
hunters have departed and settlers of 
the White Highlands have panicked to 
the point where they are selling highly 
developed farms to the government for 
prices no higher than they paid for the 
raw ground 30 years ago. British civil 
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Four Top KLM Executives Resign 

Resignation of E. H. van dor Bcugcl as president of KLM Royal Dutch Airlines 
has been followed by departure of three of the carrier’s four executive vice presidents. 

L. H. Slotcmakcr, J. van der Wiel and J. C. van dcr Kloot resigned amid mounting 
reports that KLM would initiate personnel and service cutbacks in an attempt to case 
its financial difficulties. F. Q. den Hollander, chairman of the KLM board, will 
handle presidential duties pending a replacement for van dcr Bcugcl. 

Dutch government reportedly is cool toward the prospect of having to extend 
KLM the amount of subsidy to shore the airline against losses that totaled S21 million 
in 1961 and S13.9 million in the first nine months of 1962. 

Two factions have been active within KLM, each advocating a different approach 
to financial recovery. One wanted to expand routes and services to attract more 
business. The other, and the one that now appears more influential, favored reduc- 
tions to a level more equitable with KLM’s current business. 

Van dcr Bcugel’s departure followed a management survey recently completed by 
McKinscy & Co., Inc., a New York management consulting firm. Survey reportedly 
recommended a reduction in KLM’s vice president force, the size of which has made 
the airline’s organization somewhat top-heavy. 

Survey, which KLM ordered in hopes of finding ways to reduce its growing deficit, 
is under study by the carrier’s officials. Dutch government, which holds 68% of 
KLM’s stock, would have to approve the implementation of any survey recommenda- 
tions having to do with equipment acquisition and route structure alterations. 


servants, most of whom have a lifetime 
knowledge of the country, arc leaving 
in ever-increasing numbers. 

Labor problems have become increas- 
ingly acute, with several strikes resulting 
m large firms closing down rather than 
face the "Uhuru fever.” Several such 
strikes would never have been called by 
a responsible union, one businessman 
claimed, and were based mostly on po- 
litical fervor for independence. 

Against this background, East African 
Airways continues to operate a modern 
and profitable business. As the Uhuru 
movement has grown, so have govern- 
ment demands for a greater Africaniza- 
tion of the airline. Kenya’s ever-increas- 
ing pressure for independence comes at 
an inopportune time for EAA, which is 
still making heavy jet equipment pay- 
ments and finds a prime source of de- 
pendable income— annual travel to Eu- 
rope by the British— dwindling at an 
increasing rate. 

EAA is still optimistic that it will 
survive the wave of Uhuru in good con- 
dition since it is not owned by Kenya 
alone, but also by independent Tan- 
ganyika, along with Uganda and Zanzi- 
bar. It is likely that the airline may 
employ more Africans in better po- 
sitions, or establish new African training 
programs. In any event, EAA feels its 
vital transportation role will be re- 
garded as too important to tamper with 
to any significant degree. 

One or the primary reasons for this 
optimism is that Tanganyika is governed 
by Prime Minister Julius Nycre, who is 
well liked by Africans. Asians and Euro- 
peans and believes in strong cooperation 
with the West. 

Of particular importance, Britons 
feel, is the need to retain the East 
African Common Services (EACS). a 
government body responsible for devel- 
opment and maintenance of all trans- 
portation and communications func- 
tions in the four countries. As it applies 
to aviation, EACS is the equivalent of 
U. S. Federal Aviation Agency and Civil 
Aeronautics Board. Most of its work is 
highly technical and is handled by Euro- 
peans. One of its biggest problems 
financially has been to plan and install 
an adequate system of navigation aids, 
particularly in vast Tanganyika. 

Federation of Rhodesia and Nyasa- 
land, composed of Northern Rhodesia. 
Nyasaland and Southern Rhodesia, all 
under British control at Salisbury, has a 
different Uhuru problem. Both North- 
ern Rhodesia and Nyasaland are Crown 
Protectorates, but as Federation mem- 
bers are indirectly governed by Southern 
Rhodesia, which has a high ratio of 
white population. It is considered a 
strong possibility that mounting pres- 
sure from Africans in the protectorates 
will result in their being granted inde- 
pendence, after which they may with- 
draw from the Federation. 


All three territories capitalized Cen- 
tral African Airways, and any disrup- 
tion of financial support for the airline 
could have a serious impact on CAA 
which, like many African airlines, has 
numerous unprofitable points depend- 
ent almost entirely on air transportation. 

Both CAA and EAA officials foresee 
the possibility of a consortium— or 
merger— of the two airlines as the most 
practical solution to many problems. 
For several years, they have been party 
to a quadritc agreement for revenue 
pooling on international routes with 
British Overseas Airways and South 
African Airwavs. 

The idea of a CAA-EAA partnership 
may well find favor with many Africans 
who envision an eventual East Africa 
Federation composed of Kenya. Uganda, 
Tanganyika, Zanzibar, Northern Rho- 
desia and Nyasaland, many observers 
feel. The more optimistic also believe 
that once the independent countries 
realize the importance and complexity 
of airline operations, they will be more 
willing to accept white aid and control 
until full Africanization can be accom- 
plished. 

Africa already has a highly developed 
airline system and it is not so much a 
question of European or African control 
after Uhuru as it is of whether the sys- 
tem itself will survive the political up- 
heaval. It has a serious lack of naviga- 
tional aids and trained African personnel 
to service them. It also has an irritating 
lack of schedule coordination which 
sometimes means two days, rather than 
two hours, arc required for a passenger 
to connect with another carrier. 

A possible complication to a CAA- 
EAA consolidation is the fact that 
Southern Rhodesia is not included in 
any African plan for an East Africa 
Federation. Even more than their re- 


sentment of white control, Africans dis- 
like Southern Rhodesia’s close ties with 
nearby Portuguese Mozambique and 
the Union of South Africa with its 
hated apartheid racial policy. 

Native African feeling against South 
Africa has run so high that the govern- 
ments of Kenya, Federation of Rhodesia 
and Nuisaland and the Congo Republic 
have complained to the United Nations 
and have threatened to ban South 
African Airways entry into airports at 
Salisbury, Nairobi and Brazzaville. The 
threat has forced SAA to explore the 
possibility of rerouting Johanncsburg- 
to-Europe (see p. 52). 

Despite the problems, it has been the 
aircraft that has brought Africa into the 
light of the 20th Century, since rail- 
roads arc rare and highways consist 
primarily of dirt "tracks” often impas- 
sable for seven months of the year be- 
cause of rain. In such areas as Ethiopia, 
journeys that a few years ago took two 
months by Land Rover safari wagons 
and mules, now take only two hours. 
The mountainous topography of the 
country would make railroad or highway 
construction costs so prohibitive that 
much of Ethiopia may never have a 
highway or a train track. 

Africa’s internal airline sendee, far 
more than international, is the conti- 
nent’s true lifeblood, without which it 
cannot hope to develop its vast resources 
sufficiently to support international 
operations. 

Pessimists point out that despite the 
disastrous financial and operational rec- 
ord of Ghana Airways under Prime 
Minister Kwame Nkrumah, there arc 
many Africans who so admire Nkrumah 
as to ignore Ghana’s mistakes, which 
included establishment of an unprofit- 
able national flag carrier with far-flung 
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Pakistan Will Order Sikorsky S-61Ns 

New York— Three Sikorsky S-61N helicopters will be purchased by Pakistan 
International Airlines for domestic passenger service in East Pakistan (AW June 4, 
p. 44). Air Commodore M. Nur Khan, managing director of the airline, told Aviation 
Week during a visit here that two helicopters would be used to start the service, and 
a third would be obtained later. 

Approximately S3.000.000 will cover the cost of aircraft and spare parts, Com- 
modore Nur Khan said. Target date for starting service is Sept. 1. 

Airline was considering both the Sikorsky and the Boeing Vertol 107, which the 
Air Commodore said were almost equal m performance, lift and amphibious capabil- 
ity. However, the 25-passengcr S-61N was selected because, in the airline's estima- 
tion, its cost-pcr-milc is slightly more favorable. 

Pakistan International Airlines is now operating independently of any Western 
managerial assistance. Its contract with Pan American World Airways for this service 
expired Dec. 31. The airline has also returned a Boeing 707 it was leasing from Pan 
American, and is operating three of its own Boeing 720Bs. PIA still has contractual 
agreements with Pan American for cargo handling semccs at New York International 
Airport and mutual interest in the International Hotel at Karachi. 

Pakistan International Airlines is also seeking eastward extension of its routes, 
principally into Hong Kong. Air Commodore Nur Khan believes Hong Kong rights 
will eventually be granted his airline in slew of British operations into Pakistan. 

Strained relations between the Pakistan government and the West, arising from 
Anglo-American aid to India during its recent border dispute with China, is not ex- 
pected to affect the Pakistan carrier’s international policy. 

Air Commodore Nur Khan said that even if Pakistan withdrew from Southeast 
Asia Treaty Organization (SEATO), a consideration publicly revealed by the Pakistan 
government, it should not affect the airline's operations. 

"After all, India has never been a member of SEATO. and its airline operates 
to New York," the Air Commodore said. "Pakistan International Airlines' operations 
are evaluated purely on commercial grounds, not political." 

IATA Drafts Special Piston-Fare 
Proposal at Emergency Meeting 


Paris— Compromise special economy- 
class fare for Douglas DC-7C flights 
between Scandinavia and New York is 
under consideration this week by Inter- 
national Air Transport Assn, member 
airlines trying to avert the possibility of 
a threatened piston-fare rate war over 
North Atlantic routes this spring (AW 
Jan. 7, p. 41). 

Proposal was hammered out here last 
week in three grueling days of what was 
to have been a two-dav emergence ses- 
sion by representatives of 16 IATA 
passenger carriers which operate over 
the North Atlantic. It represents a par- 
tial concession to Scandinavian Airlines 
System’s insistence that it could not 
abide by the piston-fare structure pro- 
posed for the next two years at IATA’s 
recent traffic conference in Chandler, 
Ariz. (AW Dec. 3, p. 41). 

Essentially, SAS had wanted to lower 
round-trip piston fares between Scandi- 
navia and New York by approximately 
SI 19 to meet competition from Icelan- 
dic Airlines, a non-IATA carrier whose 
lower rates have been attracting an in- 
creasing portion of the market. 

Although details of the new special 
fare proposal were officially withheld 
here pending notification of all IATA 
carriers concerned, this particular con- 


dition appears generally to have been 

Major fear among other U. S., Euro- 
pean and British airlines concerned was 
centered around the number of flights 
planned by SAS rather than the actual 
ticket rates, although frequencies for- 
mally are outside IATA jurisdiction. 

These carriers feared a major increase 
in DC-7C frequencies reportedly 
planned by SAS. coupled with a major 
advertising campaign of lower rates, 
could effectively drain a share of jet and 
piston passenger potential from other 
European terminals. 

Some observers believe that, in re- 
turn for acceptance of its lower fare bid, 
SAS has agreed to restrict DC-7C 
round-trip service between Scandinavia 
and New York to four flights per week. 
Conditions concerning cabin service 
SAS could provide on such flights also 
are included in the proposal by the 
IATA working group here. 

SAS, at the Paris meeting and in 
earlier statements, warned that it would 
have to reject the proposed IATA pis- 
ton-fare proposals made at Chandler 
unless rates could be lowered for the 
New York segment to a point where it 
could compete effectively with Ice- 


Such a move could, and probably 
would, have touched off a piston-rate 
war among all carriers concerned, with 
each trying at least to maintain its por- 
tion of traffic between the various Euro- 
pean points in contention. 

Icelandic now senes Stockholm and 
Goteborg in Sweden, Copenhagen, 
Luxembourg. Hamburg and the Brit- 

To give a hearing to the SAS de- 
mands. IATA extended its deadline for 
acceptance of the new fare structure 
from Dec. 15 to Jan. 31 and called last 
week's emergency session here. If ap- 
proved, the fares would applv from next 
Apr. 1 to Mar. 31, 1965. 

The proposal drafted here was unani- 
mously adopted at midnight of the 
third day's meeting. 

For final approval, the proposal must 
be ratified by more than 70 IATA car- 
riers operating in association traffic areas 
1 and 2. 

These areas include North and South 
America. Europe, Africa and the Near 
East. IATA officials here say the final 
vote on the matter should be completed 
well before the Jan. 31 deadline. 

EAL Asks Suspension 
Of 3 Southern Points 

New York— Suspension of service at 
three southern communities has been 
requested by Eastern Air Lines in a 
Civil Aeronautics Board filing. A CAB 
examiner also has recommended that 
local service carriers take over four 
points that are now served by Trans 
World Airlines between Boston and 
Pittsburgh. 

Eastern would stop flights into Dot- 
han, Ala.. Rome, Ga. and Wavcross, 
Ga. 

Tire communities failed to produce 
an average of five passengers daily in 
1962, Eastern officials said, and discon- 
tinuance of service would save the air- 
line S2 12,000 a year. 

TWA would transfer to Mohau'k Air- 
lines its authority into Binghamton and 
Albany, N. Y., and to Allegheny Air- 
lines the service into Williamsport and 
Scranton-Wilkes-Barie, Pa. 

TWA, currently using four-engine 
Lockheed Constellations on schedules 
for these communities, estimates it 
would save S1.4 million a year by giv- 
ing the routes to Mohawk and Alle- 
gheny. 

Examiner's report estimated Mo- 
hawk would gain SI 50,000 annually 
in revenues by assuming the service. 

Examiner also recommended that 
American Airlines' authority to serve 
Scranton-Wilkes-Barre be terminated as 
another step toward what he called 
"elimination of existing uneconomic 
competition between subsidized local 
service and trunkline carriers." 
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IATA Objection Cuts Mail Order Travel 


By James R. Aslilock 

New York— Objections from the In- 
ternational Air Transport Assn, arc ham- 
pering the sale of travel programs 
through the nation's two leading mail 
order houses (AW Aug. 6. p. 38). 

IATA, in a letter last summer, de- 
clared the dealings a violation of its 
rules governing travel agencies. The 
warning is being blamed for a split 
between the Fugazv Travel Bureau and 
Montgomery Ward, and for hampering 
tour promotion and sales by American 
Express and Scars, Roebuck & Co. 

Fugazv and Wards terminated their 
contract Dec. 1 with Wards turning 
the management of tours promoted 
through its outlets over to Happiness 
Tours. Inc., a subsidiary of the E. F. 
MacDonald Co. William Fugazv. head 
cf the tour company, said lie is con- 
templating legal action against IATA. 

Such a suit would involve technical 
legal problems due to IATA's world- 
wide membership and the resulting 
question of who could be named in the 
suit— IATA, each member airline or an 
individual officer of IATA. 

IATA Threat 

IATA had threatened to withdraw 
its endorsement of both the Fugazv 
travel firm and American Express if 
they did not cancel their arrangements 
with the mail-order firms. IATA, which 
represents over 90 of the world's air- 
lines. objected to the promotion and 
sale of tours through Wards' and Scars’ 
catalogs and offices throughout the 
U.S.. maintaining that none of these 
facilities was IATA approved. 

Fugazv said his linn had invested over 
S2 50,006 cash in salaries and other re- 
lated expenses on the Wards arrangc- 

“This program had the full approval 
of all but one of the IATA airlines when 
we started it," Fugazv said, "and then 
IATA told us to stop because of air- 
line complaints." 

Fugazv said that after the IATA 
complaint, lie told Wards that he could 
not continue the contract unless the 
mail order chain insured him against 
damages should IATA revoke its en- 
dorsement of his agency. 

“Wards said they couldn't do it, so 
we tenninated the agreement,” Fugazv 

Happiness Tours' operation with 
Wards is similar to that of Fugazv. 
Happiness maintains an office at 6 
East Monroe St. in Chicago, where 
it receives all travel queries from 
Wards' offices and from catalog adver- 
tising. Fugazv had operated within 
Wards' Chicago executive offices, but 


Fugazv said this location was IATA 
approved. 

However, Wards' tour promotion in 
its catalog is not being continued on the 
elaborate scale originally planned. A 
68-page tour supplement was to have 
been included in six million copies of 
the catalog. But since the IATA action, 
this has been replaced by a smaller cata- 
log entry and a tear-out card which can 
be mailed to Happiness, which sends 
the tour supplement to the inquirer. 

"Tours are sold only through our 
office, which is recognized by IATA." 
said a Happiness spokesman. "We en- 
tered into this program only after clear- 
ing it with individual airlines and the 
Air Traffic Conference." 

Happiness, which views the program 
as a means of promoting new travel 
business for the benefit of all airlines, 
handles tour arrangements such as 
ticketing, itinerary planning and billing. 
It uses Wards' credit reference files in 
determining whether to sell the time- 
payment tours on a no-down-payment 
basis, and makes new credit checks on 
anyone not listed in the files. 

American Express and Scars are also 
apprehensive over the IATA action, re- 
flected bv Scars' decision not to include 
a tour section in its next catalog. 

"Tours aren’t included because 
American Express hasn't received clari- 
fication from IATA on its participa- 
tion." said a spokesman for All State 
Tours, the Scars travel subsidiary. 

Both Fugazv and American Express 
complain that their requests to IATA 
for details on why they should halt the 
programs have gone unanswered. In 
iieu of this, they both continued. 

"It was coming along well." Fugazv 
said. "We made money on the project 


F-28 Decision 

Decision will be made early in Febru- 
ary on whether to go ahead with the 
Fokker F-28 short-hanl jet transport. 
Republic Aviation Corp., which owns 
38% ol Fokker stock, will take part in 
the decision, according to Republic Pres* 
ident Mundy I. Pcalc. 

Douglas Aircraft Corp. will make its 
decision on whether to build (lie Model 
2086 at about the same time. Douglas 
must balance interest of American and 
Delta against probable development costs 
in the light of its DC-8 experience. 

Republic has had a survey of North 
and South America made by R. Dixon 
Spcas. an aviation consultant. Though 
the results arc encouraging, they do not 
warrant production of the F-28 in the 
U. S., Pealc said. 

If the airplane is built, he said, it will 
be manufactured in Holland. 


in the three months before the ar- 
rangement with Wards was termin- 

Numcrous inquiries were received 
from prospective travelers as a result 
of the American Express-Sears arrange- 
ment, a spokesman said. However, 
neither the tour operators nor mail- 
order firm sources would say exactly 
how much was made, such figures usu- 
ally being well guarded in a competi- 
tive field such as travel sales. 

The matter had remained quiet since 
IATA's initial order, stirring specula- 
tion that it might be allowed to fade 
out rather than cause a public contro- 
versy involving the airlines and widely 
recognized firms such as the two tour 
agencies and mail order houses. 

However, Fugazy’s break with Wards, 
and Pan American World Airways' can- 
cellation on Dec. 1 3 of its membership 
in the American Society of Travel 
Agents (ASTA), rekindled the issue. 
Pan American Action 

Pan American notified ASTA of its 
action in a letter from James Mont- 
gomerv, vice president of passenger 
sales, to ASTA President R. F. Kerr. 
Montgomery cited the mail order 
houses participation in travel sales as a 
reason for the carrier's move. 

"Despite considerable pressure, wc 
refused to encourage the entry of the 
large chain department stores and mail 
order houses into travel sales, lest their 
multiple outlets, working on an un- 
trained and non-professional basis, 
merely take the public away from the 
experienced travel agencies and fail to 
satisfy its travel needs in the process," 
Montgomery wrote. 

"We have consistently attempted to 
maintain the integrity of the travel 
agency approval and appointment pro- 
cedures and have, in fact, reduced the 
number of our own appointment pro- 
cedures to build a worthwhile business 
for those who demonstrate a willing- 
ness and ability to work energetically in 
the development of international trav- 
el." he said, adding that Pan American's 
travel promotion budget for 1963 totals 
S14.500.000. 

Pan American also is concerned over 
whether the mail order houses, in addi- 
tion to affecting those tour agencies 
with which the airline has good rela- 
tions. would not also cut into the travel 
sold directly by the airline's sales force. 

Because travel agents deal with for- 
eign as well as U.S. flag carriers. Pan 
American is disturbed that the far- 
reaching promotion by the mail order 
chains is of considerable value to for- 
eign airlines in competing for the Amer- 
ican travel dollar. 
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South American Route Pooling Studied 


Washington— Drive to consolidate 
several major international routes of 
Latin American carriers into a single 
system will be launched next month, 
but prospects are slight that an Air 
Union type of agreement will emerge. 

Five carriers-Aerolineas Argentina. 
Aeronaves de Mexico. Avianca of Co- 
lombia. Varig of Brazil and Viasa of 
Venezuela— are to meet next month 
in Bogota to discuss a proposed pool- 
ing system. Under the plan, these five 
carriers would operate jointly five major 
route segments between the U. S. and 
principal markets in Latin America. 
The force behind the drive is Ruben 
M. Berta, president of Varig. 

Although little hope is held for a 
full agreement on a wide-scale pooling 
plan, U. S. carriers serving South Amer- 
ica are viewing the forthcoming meet- 
ing with concern. Any form of pool- 
ing among Latin American carriers, 
no matter how thin its structure might 
be. would intensify the severe route 
restrictions and rigid passenger traffic 
controls already imposed on U. S. air- 
lines (AW Sept. 10, p. 88). 

So far. the U. S. government has 
made no move to correct the competi- 
tive disadvantage in which U. S. car- 
riers have been placed as a result of 
these operating conditions. Principal 
Civil Aeronautics Board interest in the 
Latin American area lies in the pending 
South American Route Investigation 
designed to reduce competition be- 
tween U. S. carriers in this region. 

One pooling plan, proposed by Co- 
lombia late last year, called for a mer- 


ger of the participating airlines into 
a single carrier to serve major interna- 
tional routes. The plan, however, had 
a cool reception and has been rejected 
as too drastic a move. As one South 
American airline official put it: Latin 
America is not "politic-ally" ready for 
a continental carrier. 

The Berta pooling plan calls for as- 
signment to participating airlines of 
major routes between the U. S. and 
South America, a pooling of revenues 
and a division of profits according to 
an established formula. 

The Berta plan is designed to reduce 
cutthroat competition in South Amer- 
ican markets, and at the same time, 
enable national carriers to retain their 
flag identity, an important factor in 
any consideration of Latin American 
route structures. National prestige has 
been the chief reason why governments 
have willingly subsidized heavy losses 
incurred by a large number of carriers 
operating on the continent. 

There is little indication that these 
governments have become disenchanted 
with this drain on their treasuries. As 
a result, widespread governmental sup- 
port of the pooling plan is not likely. 

In addition, the airlines are not en- 
tirely agreed among themselves what 
form of pooling would be acceptable or 
whether pooling is the answer to the 
Latin American airline problem. Viasa, 
for example, has indicated that it is op- 
posed to any form of merger; claims it 
will show a profit this year and is no 
“drain" on government funds. 

Avianca, until recently a staunch sup- 


porter of the single airline concept, is 
now expected to back a loose coopera- 
tive effort to cut costs and eliminate an 
overlapping of routes. Carrier presum- 
ably will join in a pooling of mainte- 
nance facilities and sales and ticket- 
ing functions, but will not be willing to 
share its equipment in a pool. 

The Colombian carrier still feels 
there may be certain areas where a sin- 
gle Latin American carrier would be 
practical, particularly in routes where 
European and U. S. competition is 
strong. But the airline is now convinced 
that few carriers and their governments 
will surrender their independence to 
join such a union. 

Avianca claims it is not losing money, 
but that it could eliminate unnecessary 
costs under a pooling plan. 

Aeronaves de Mexico has been los- 
ing heavily, but there are other fac- 
tors that lead the carrier away from the 
pooling plan. The airline opposed a 
proposed consortium of Mexican air- 
lines several years ago primarily because 
the merger would open its one good 
route -Mexico Citv-Los Angeles -to 
more competition. It is not considered 
likely that the airline will give its South 
American competitors an opportunity 
to share traffic on this high-density 

Aerolineas Argentina has not com- 
mitted itself to the pooling plan. It is 
definitely opposed to any union that 
suggests merger and is expected to act 
coolly toward any pooling plan that 
would affect its independence. The car- 
rier also has been losing money. 



Work on First Super VC. 10 Fuselage Advancing 

Work on the first of 30 Super VC.10 transports on order for British Overseas Airways Corp. is advancing at the Vickers Wcybridge 
facility of British Aircraft Corp. Fuselage section is shown in an assembly fixture 3ird has a 75-in. fuselage extension incorporating the 
first three passenger windows, aft of the forward galley service door. Additional 81-in. extension is located aft of the wing. Over-all 
length of the Super VC.10 is 171 ft. 8 in. Standard VC.10 is 158 ft. 8 in. Maximum passenger accommodation in the Super VC.10 
is 180 compared with 151 in the standard version. First flight of the aircraft is scheduled for early 1964. 
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Lufthansa Finances Critical Despite Gains 


By Edith Watford 

Cologne— Lufthansa West German 
Airlines, despite across-the-board gains 
last year in passenger and cargo revenue, 
is facing its most critical financial period 
since its postwar comeback. 

With an anticipated 1962 loss added 
to its record deficit in Fiscal 1961 of 
approximately S26.5 million— including 
depreciation and amortization charges 
amounting to about S7.35 million— the 
airline has a rough financial road ahead. 
It will require several years at least be- 
fore Lufthansa can reach the break-even 
point, even if the carrier succeeds in 
maintaining the present favorable trend 
in its financial results. 

Outlook for 1962 results appeared to 
be somewhat brighter than 1961, how- 
ever. and Lufthansa expected to close 
1962 with an appreciably lower deficit, 
largely because of an increase in capacity 
of only 25.6%, lowest in the company's 

Up to 55% of Lufthansa's capacity 
is offered on its North Atlantic routes, 
and it registered an estimated 20% 
traffic increase on those routes in 1962. 
Preliminary over-all operational figures 
for the West German airline also 


show marked advances. These include: 

• 200.7 million ton miles sold, an in- 
crease of 20% over 1961. 

• 1.9 million passengers carried, an in- 
crease of 22%. 

• 31.8 million tons of freight carried, 
a 29% increase. 

• 14 million tons of mail carried, a 90% 
gain. 

With mounting financial losses, 
Lufthansa plans in 1963 to ease the 
pace of its network expansion, which 
has been pushed on an accelerated basis 
since the airline's re-emergence in 
1955. Although additional services arc 
planned to several cities already in the 
carrier's route framework, only one new 
route is expected for the year— Dusscl- 
dorf to Vienna. 

North Atlantic route, however, con- 
tinues to present a major problem, and 
the company’s heavy 1961 loss was due 
primarily to the wide gap between 
capacity and scats sold, a factor with 
which most North Atlantic carriers have 
had to contend. 

Moreover, the West German carrier's 
capacity during 1961 increased by 53%, 
while scats sold increased only 41%. 
Consequently, the 54% over-all load 
factor during the same period fell four 


points below that of the previous year, 
although Lufthansa's share of world air 
traffic rose by 0.5% to 3.5%. 

Longer range plans, if traffic rights 
now being negotiated are granted, in- 
clude introduction of Boeing 720Bs on 
new services during the 1964-65 period 
to Venezuela, Colombia, Ecuador and 
Peru. 

As an interim measure until the 
Boeing 727s on order become available, 
Lufthansa also plans to introduce 
Boeing 720Bs on most of its longer 
European routes earlv this year as re- 
placements for its Vickers Viscount 
S14, Convair 440 and Lockheed L- 
1 049G Super Constellation fleets. 

However, Lufthansa will await de- 
livery' of its first six Boeing 727s in early 
1964 before effecting its planned 
gradual complete change-over to jet 
services on its international European 
network. 

New Dusseldorf-Vienna 720B sendee 
will be utilized only during the peak 
summer season, with a stop in Frank- 
furt. Proposed frequency has not been 
detennined. 

Lufthansa last May introduced a third 
weekly Boeing 720B round-trip sendee 
to the Far East. It initially terminated 
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at Hong Kong, but was extended to 
Tokyo on Oct. 1. 

Realizing the need to improve serv- 
ices and fully exploit the traffic poten- 
tial on some of its major national 
routes, Lufthansa is planning to intro- 
duce a new nonstop air-shuttle service 
between Frankfurt and Hamburg at a 
three-times-daily frequency beginning 
Apr. 1 for a one-vear trial period. 

If it proves as profitable as hoped, the 
service probably will be extended to in- 
clude other heavily traveled routes, such 
as Cologne or Dusscldorf-to-Munich 
and Hamburg-Munich. 

Basing its operation on U. S. tech- 
niques, Lufthansa will offer no refresh- 
ments aboard the S6-passenger Lock- 
heed L-1049G Super Constellations on 
these flights, nor can scat reservations 
be made in advance. Tickets will be sold 
aboard the aircraft. 

It is expected that the reductions in 
overhead will enable the carrier to re- 
duce the ticket price by about 25% to 
a point comparable to a first-class rail 
fare within West Germany. 

Pool agreement signed by Lufthansa 
with Olympic Airways on Oct. 25 has 
been working satisfactorily since it be- 
gan on Nor-. 1, according to Lufthansa. 
Initially covering third and fourth 
freedom traffic between West Ger- 
many and Greece, it may later be ex- 
tended to cover the joint operation of 
other branches of the two carriers' serv- 
ices. the Gennan airline says. 

Lufthansa's present jet fleet is com- 
posed of five Boeing 707-450s and seven 
Boeing 720-050Bs. Two Boeing 707- 
>20Bs will be added, one next spring 
and the other in 1964. 

First six Boeing 727s of the total 
order of 12 are scheduled for delivery 
in the summer of 1964, the remainder 
in the spring of 1965. 

The 15% increase in range of the 
Boeing 707-520B over the 707-450 will 
enable Lufthansa in 1965 to operate 
its Frankfurt-San Francisco service non- 
stop. At present, these flights include 
a stop in New York. 

In Lufthansa's opinion, the initial 
high cost of future supersonic commer- 
cial transports will induce a number 
of airlines to pool their fleets and oper- 
ate them over certain routes on a cost- 
and-profit-sharing basis- “much the 
same way as is planned under the pro- 
visions of the future Air Union four- 
company partnership,” a Lufthansa offi- 
cial stated. 

"Not yet having had time to absorb 
the cost of new jet equipment pur- 
chased or still on order, very few airlines 
will be able to afford their own inde- 
pendent supersonic fleets if they really 
are available by the early 1970s.” 

In another effort to cut losses, Luft- 
hansa increased its domestic fares twice 
this year, the last time by more than 


10%. Carrier officials attributed the 
need for this increase to the high oper- 
ating costs of Lufthansa’s Viscount 814 
and Convair 440 fleets over its short 
domestic route stages, coupled with a 
55% rise last Apr. 1 in airport landing 
charges in West Germany. 

During 1961 the carrier’s takeoff and 
landing charges at Frankfurt Airport 
alone amounted to about S845.000. 

Commenting on its strained relations 
with Scandinavian Airlines System and 
the frequency with which Lufthansa 
lands in Scandinavia and SAS in West 
Germany. Lufthansa says that SAS- 
with about 85% of the traffic over the 
route structure— represents a drain on 

However. Lufthansa says it is con- 
fident that a more balanced traffic agree- 
ment will eventually be reached with 
the Scandinavian carrier, even though 
Lufthansa may have to wait until it can 
bring more pressure to bear on SAS 
than at present through the Air Union 
consortium. 

In terms of passengers carried. Luf- 
thansa says that during 1962 it sur- 
passed SAS over the North Atlantic 
route. At the moment, it ranks about 
sixth among the transatlantic operators 
after Pan American World Airways. 
British Overseas Airways Corp., Trans 
World Airlines. Air France and KLM 
Royal Dutch Airlines. 

Results to date of the cargo-space 
sharing agreement concluded with Sea- 
board World Airlines on the North 
Atlantic route, which became operative 
for a one-vear period last fan. 2. have 
been better than generally expected, ac- 
cording to Lufthansa's freight manager, 
Hellmuth F. Klumpp. 

The 20,000-lb. cargo space allocated 
Lufthansa on Seaboard's Canadair CL- 
44 aircraft on the oncc-daily round-trip 
cargo flights to the U. S., together with 
the freight capacity available on its own 


Boeing 707 transports, is providing a 
steady source of revenue, Klumpp said. 
The agreement between the two car- 

1965, and Lufthansa has a further 
option until tire end of 1965. 

Lufthansa officials, however, declined 
to comment as to whether the carrier 
reportedly might be interested in pur- 
chasing its own CL-44 type freighter 
aircraft for the transatlantic run. 

Upward revaluation of the West Ger- 
man currency, continuing East-West 
political tensions resulting in decreased 
tourist traffic during the peak summer 
months on the North Atlantic network, 
and payments on jet equipment and 
spares purchased in recent years also 
were cited as factors contributing 
toward the carrier’s loss in revenue in 
1961 (AW Feb. 26, p. 40). 

FAA Predicts Surge 
In Airline Business 

Washington-Federal Aviation 
Agency last week predicted that U. S. 
domestic and international airlines will 
handle 62 billion revenue passenger 
miles in Fiscal 1968, compared with the 
42.5 billion carried in Fiscal 1962. 

In a five-year forecast. FAA’s office 
of policy development said that inter- 
national revenue passenger miles will 
increase at a greater rate than domestic 
traffic. Contributing factors to the ex- 
pected growth are an expanding econ- 
omy and population, reduction of pas- 
senger travel fax. introduction of short- 
range jet aircraft and modernization of 

Tlie forecast predicted that air car- 
rier fleets will be reduced in size as re- 
sult of increased seating capacity. Total 
of 1.750 aircraft is anticipated for the 
U.S. airline fleet in Fiscal I96S. com- 
pared with the 2,000 now in operation. 
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One was Viet Cong guerrillas. 


Northrop had many problems building 


its latest communications system. 


Hit and run. This is how Viet Cong: guerrillas operate. And 
these tactics were frequently successful because of South 
Vietnam’s lack of adequate communications. 

To overcome the problem, Northrop was called upon to 
build a complete military communications network across 
this troubled country. 

Ordinarily, survey work alone on such a project would 
take a full year. Northrop had less than a year to complete 


the entire system. 

But Northrop had tackled tough assignments before. Its 
Page Communications subsidiary had built communica- 
tions systems in Turkey, Greenland, Europe, and for the 
Atlantic Missile Range. 

This experience enabled Northrop to complete survey 
work in just six weeks. Then the real work began. Northrop 
engineers slogged through dense jungles and over rugged 


mountain ranges. Where roads were non-existent or impass- 
able, they built new ones. Lacking heavy construction equip- 
ment, they improvised with the labor of willing but 
unskilled Vietnamese men and women. 

Electronic and mechanical equipment was flown in from 
the United States and hauled to construction sites by truck 
convoys, rice boats, helicopters, and primitive shoulder 
yokes. Every movement was made under armed guard, for 


there was always the threat and the actuality of ambushes. 

From this work emerged the largest mobile tropospheric 
scatter communications system in the world. It is extremely 
flexible, with truck-mounted stations that can be trans- 
ported cross-country or flown to needed sites quickly and 
easily. It links all the military hot spots across the country. 

And despite all difficulties, it UflDTUBno 
was completed ahead of schedule. NUnl IlnUi 


AIRLINE OBSERVER 

► Indications are strong that George E. Keck will become president of 
United Air Lines if and when W. A. Patterson, now 63, decides to retire. 
Keck has moved into one of the strongest positions within the airline’s man- 
agement ever held by anyone other than Patterson. All but a few depart- 
ment heads now report directly to Keck, whose title includes general manager 
as well as executive vice president. 

► South African Airways is exploring the feasibility of a west Africa route 
to be used in the event that several African territories close their airports 
to SAA as a protest against South African racial policies. Such sanctions 
have been threatened by Southern Rhodesia, Kenya and Republic of the 
Congo for airports at Salisbury, Nairobi and Brazzaville. SAA has made a 
proving flight to test an all-Portuguese route to Europe and Britain via 
Luanda, Angola, Sal Airfield in the Cape Verde Islands, Lisbon and Rome. 
Airport ban would sever direct SAA flights to Rome and Athens, and alter- 
nate Portuguese territory routing would be 2 hr. longer than the present 
shortest time between Johannesburg and London. 

► Abandonment of the no-show penalty plan beginning Feb. 1 is another 
sign of basic disagreement within the domestic airline industry on operating 
issues, and foreshadows further difficulties in settling on a tariff formula and 
reaching accord on means of curtailing expenses through standardization of 
fringe benefits to the passenger. The plan never did have the complete sup- 
port of all carriers, and failure of the local service carriers to adopt it, helped 
bring these differences into the open. Overbooking provisions, under which 
airlines pay passengers a fee when reservations have been continued but a scat 
is unavailable, will be retained. 

► United Air Lines is now stocking Boeing 727 turbo fan transport parts for 
preliminary tooling, training and procedure work in preparation for accepting 
delivery of the aircraft in late 1963. 

► Electric train service has been inaugurated between downtown Moscow and 
the Russian capital's new Domodedovo Airport, located 25 mi. south of the 
city. When the Domodedovo installation becomes fully operational next 
spring or summer, passengers will be able to walk directly from the trains 
into the airport terminal waiting room. At present, Domodedovo is available 
as an alternative airport if Vnukovo and Sheremetyevo are shut down by 
weather. 

► National Aeronautics and Space Administration has awarded North Amer- 
ican Aviation a contract to build two wind tunnel models for supersonic 
transport studies. One model will be a swept-wing commercial airline trans- 
port and the other an air intake inlet model. 

► Civil Aeronautics Board has revoked the foreign civil aircraft flight pennit 
issued Dec. 3 to Transportcs Aercos Uruguavos of Uruguay on grounds that 
recent information reveals that the principal stockholder of the company 
is an American citizen. In processing the application, the carrier was repre- 
sented as being wholly owned by citizens of Uruguay. Permit was canceled 
because the carrier failed to respond to a telegram asking for an explanation 
of the discrepancy. 

► CAB Examiner Herbert K. Bryan has recommended that operating rights 
of TWA at Williamsport and Scranton/Wilkcs-Barre be transferred to Alle- 
gheny Airlines and those at Albany and Binghamton to Mohawk. 

► Six foreign flag carriers lost another round last week in their bid to prevent 
the CAB from requiring foreign airlines to file schedule and capacity data 
with the U. S. A U. S. district court turned down a motion by the carriers to 
have the CAB enjoined from advising the President to grant the Board juris- 
dictional authority over foreign carrier schedules to and from the U. S. 

► Pan American World Airways and Trans World Airlines have filed a joint 
motion to defer proceedings in the CAB Transatlantic Route Renewal Case 
for six months. Because the motion created a conflict of procedural dates. 
Examiner James S. Keith suspended all proceedings until further notice. 


SHORTLINES 


► Air Transport Assn, last week fonned 
a new department of infonnation serv- 
ices by consolidating public relations, 
research and library' services. New de- 
partment will be headed by Craig Lewis 
as director of public relations. Lewis, 
former deputy director of public affairs 
of the Federal Aviation Agency, replaces 
Thomas F. McGarv, who resigned. In 
Montreal. S. Ralph Cohen resigned as 
public relations officer of the Interna- 
tional Air Transport Assn, to join SAS 
as assistant to the president in New 
York. 


► American Airlines has received Fed- 
eral Aviation Agency authority to over- 
haul the cold sections of the Allison 
501-D13 turboprop engines, which 
power the Lockheed Electra, every 
3,000 hr., an increase of 1,000 hr. 

► Bonanza Air Lines reports that half- 
fare travel by youths under 22 years of 
age more than doubled in November 
over the same month last year. A S2 
identification card, good for one year, is 
required to prove age and identity to 
qualify for the low fare. 

► Braniff Airways will install transistor- 
ized distance measuring equipment, the 
DME-100, on all its aircraft. 

► FAA certification has been granted 
the Convair 990A turbofan transport, 
five of which arc scheduled for delivery 
to American Airlines in March (AW 
Dec. 24, p. 32). The aircraft is an im- 
proved version of the 990 series, 1 5 of 
which American is now operating. Car- 
rier will route its 990s through its Tulsa 
maintenance base for the 990A modi- 
fication of wing and engine nacelles, 
improving speed and takeoff perform- 


► Harvard University’s Paul Cherington 
last week urged that domestic trunk car- 
riers and local service airlines get to- 
gether and draw up a seven-year plan 
which will resolve the economic rela- 
tionship between these two industry 
branches and prevent competitive chaos. 

► President Kennedy has designated 
Alan S. Boyd to continue as chairman 
of the Civil Aeronautics Board and 
Robert T. Murphy as vice chairman for 
another year. 

► Radio Technical Commission for 
Aeronautics has established a special 
committee to define current air traffic 
control problems and develop an im- 
provement program. New RTCA group 
is designated the "SC-104 Air Traffic 
System Committee.” 
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New split-second network links airlines 

DATA COMMUNICATION BY COLLINS 

Airlines operate on highly perishable information. Useless if delayed or garbled. 
Requiring fast, accurate, high-capacity communication systems. 

Aeronautical Radio, "ARINC," serving the airlines as it has since 1929, is meeting the 
airline industry's communication demand with its new nationwide Electronic Switching 
System. Through this system the communication of the airlines will flow with microsecond 
handling and computer accuracy. 

ARINC is integrating and automating the world's largest private teletypewriter and data 
processing system with Collins Data Central. Through such networks airline managements 
communicate with their nationwide and overseas radiotelephone air-ground-air services. 

The Data Central, developed by Collins Radio Company, is an automatic teletypewriter 
and data switching exchange which combines high speed communication and data process- 
ing techniques. It has made electro-mechanical systems obsolete by eliminating the manual 
and mechanical operations in the vital switching and relaying processes of transmission. 

With Collins Data Central's communication-type processors, instead of manual relays, 
controlling an average of 80 million ARINC transmissions a month — 

• Messages are assembled and distributed in microseconds. 

• Member airlines can exchange information through direct hook-ups. 

• Message priorities, coding, conversion and addressing are handled automatically. 

• Magnetic disc files and magnetic tape have multiplied capacity for information 
storage (a big part of ARINC's job). 

Collins Data Central can automate any large teletypewriter network as efficiently as the 
ARINC system. No other switching and processing equipment is as flexible. To find out 
how airline, railroad and other large teletypewriter networks are using Collins Data Central 
to increase communication speed, accuracy — and to reduce costs, write: Communication 
and Data Systems Division. 



53 



SPACE TECHNOLOGY 



NASA Studies Hazards of Lunar Impact 


By Barry Miller 

Moffett Field. Calif. -Hazards to 
lunar exploration created by surface 
particles scattered from the moon when 
it is struck by high-velocity meteoroids 
will be assessed next year in top-priority 
experiments scheduled for the first Sur- 
veyor soft-landed lunar spacecraft. 

These particles— the debris thrown 
from craters or holes created by impact 
of meteoroids or micrometeoroids— may 
constitute for astronauts on the lunar 
surface a lethal danger approaching in 
magnitude that posed by primary or im- 
pinging meteoroids, according to results 
of hypervelocity impact experiments re- 
cently conducted here at the AmeS Re- 
search Center of National Aeronautics 
and Space Administration. The ejected 
surface particles arc called micromctco- 
roid, or secondary, ejecta. 

Data collected at Arnes indicates that 
the number of lethal ejecta which could 
penetrate an astronaut's pressure suit 
mav approach the number of primarv 
lethal particles lie is exposed to. thereby 
nearly doubling the dangers he was 


thought to face from the meteoroids. 

-As far as the spacecraft hull is con- 
cerned, its chances of being penetrated 
bv secondary ejecta are a hundredth or 
perhaps a thousandth of those of being 
struck a killing blow by a meteoroid, 
according to Don Gault, a research sci- 
entist who is conducting simulated 
lunar impact studies at Ames. Lunar 
ejecta could be an irritant or erosive 
hazard, particularly for exposed sensitive 
optical or avionic parts such as camera 
lenses, mirrors or solar cells. 

Unlike the earth, the moon has no 
appreciable protective atmospheric 
mantle that burns or disintegrates 
meteoroids. The moon thus is particu- 
larly vulnerable to interplanetary high- 
velocity particles. Largely cometary and 
astcroidal in origin, these particles hit 
the moon with tremendous energy, lib- 
erating in brief intervals of time smaller 
but still enormous c|uantitics of energy 
and gouging craters in the lunar sur- 

F.xactly how great the frequency of 
meteoroid impact is on the lunar sur- 
face is one of the things NASA hopes to 


learn with projected Surveyor experi- 




LUNAR MICROMETEOROID EJECTA problem being investigated in hypcrvclocitv ballistic range facility at Ames can be surmised from this 
sequence of photographs taken in test to simulate meteoroid impacting on lunar surface. Aluminum projectile (1 in. dia. sphere) strikes basalt 


Particles 

ous rock regarded as a good equivalent 
of lunar surface material, is used as a 
target. By firing simulated meteoroid 
projectiles made of aluminum into it 
at speeds of about 7,000 meters/sec., 
Ames scientists have deduced that: 

• Between 100 and 1,000 particles with 
a mass equal to or greater than the pro- 
jectile mass are thrown from each crater 
on impact. Striking basalt at these 
velocities, aluminum projectiles create 
high stress waves generating pressures 
greater by orders of magnitude than 
strength of basalt, that is. tens of mil- 
lions psi. contrasted to 20.000-40.000 
psi. About half of the kinetic energy' of 
the impacting projectile reappears in 
kinetic form as ejected fragments. The 
remaining energy is transfonned by 
breaking and crushing rock, heating, etc. 

• Ratio of ejecta of a given mass or 
greater to the primary particles of a 
given mass or larger is between 1.000 
and 100,000 when the complete spec- 
trum of particle masses striking the lu- 
nar surface is integrated. This ratio 
was calculated from empirical data. 
Neither the primary nor the secondary 




(rock) normally at 6,400 metcrs/sec. and particles ejected from crater appear as spray in these million frame per sec. photos. Two bright spots, 
visible at basalt surface in first frame are caused by incandescent gas from high-speed spray. Fiducial scale is i cm. between serrated points. 
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Once in orbit, OGO (NASA’s Orbiting Geophysical 
Observatory) must orient scientific equipment in three direc- 
tions. Some of its experimental packages must line up per- 
pendicular to the sun’s rays. Other experiments must turn to 
face the earth. Another group must seek a line parallel to 
OGO's own orbital plane. STL engineers and scientists have 
produced a hermetically sealed drive mechanism to help 
solve these orientation requirements. Two mechanisms are 
used in OGO’s attitude control system. One rotates solar 
arrays in continuous orientation with the sun; a second keeps 
experiment packages fixed in desired position with respect 
to the orbital plane. The drive mechanism (shown above) is 
hermetically sealed to permit use of a conventional high- 
speed servo-motor without the usual problems of gear lubri- 
cation. It does its work by wabble or twist motion at a rate 


of one degree per second with a final gear reduction of about 
24,000 to 1. STL’s many projects include building OGO 
spacecraft for NASA’s Goddard Space Flight Center, build- 
ing spacecraft for Air Force-ARPA, and continuing Systems 
Management for the Air Force’s Atlas, Titan and Minute- 
man programs. These activities create immediate openings 
in fields such as: Space Physics, Radar Systems, Applied 
Mathematics, Space Communications, Antennas and Micro- 
waves, Analog Computers, Computer Design, Digital Com- 
puters, Guidance and Navigation, Electromechanical De- 
vices, Engineering Mechanics, Propulsion Systems, Materials 
Research. For Southern California or Cape Canaveral posi- 
tions, write Dr. R. C. Potter, One Space Park, Dept. A- 1-3, 
Redondo Beach, California or P. O. Box 4277, Patrick AFB, 
Florida. STL is an equal opportunity employer. 


Vandenberg AFB . Nor 
"Visiting los Angeles . 



SPACE TECHNOLOGY LABORATORIES, INC. 

a subsidiary of Thompson Romo Wooldridge Inc. 


. 14 Feb. 1. See "Art in Science" Exhibit At STL’s Space Technology Center." 


Los Angeles 




■ 4 Acradrive/22 hydraulic 
servo motors orient the Hay- 
stack antenna at North 
Tyngsboro, Mass, in azimuth 
and elevation. 

■ If your project requires 
controlled movement with 
quick response at slow 
speeds, write to Cimtrol 
Division, The Cincinnati 
Milling Machine Company, 
Cincinnati 9, Ohio. Ask for 
Publication M-2281B. 




■ * 


CINCINNATI 


level is known, but recent evidence sug- 
gests that the more conservative estim- 
ate of the frequency of micrometcoroid 
impact, based on estimates made over 
20 years ago, is correct. If a maximum 
micromcteoroid population were as- 
sumed to exist at the moon, based on 
Harvard Astronomer Fred Whipple’s 
estimates, such an intense concentra- 
tion of ejecta would be discernible from 
the earth as a lunar cloud or atmosphere, 
according to Gault. Since such a cloud 
docs not exist, Gault said, assuming a 
maximum frequency of primary particles 

Conclusive evidence of the popula- 
tion levels awaits actual lunar surface 
measurements. 

• Ejecta tend to travel slowly compared 
with the velocity of the impacting pro- 
jectiles. although their total mass is 
greater. Astcroidal particles that typic- 
ally travel at 15.000 meters/ sec. would 
unleash ejecta 1,000-10,000 times the 
mass of the striking projectile. Of these. 
99% would travel at less than 500 
meters/ sec., or 1/30 the speed of the 
original projectile, and 90% at less than 
200 meters/ sec., or 1/75 speed of the 

• Ejecta will travel a relatively long 
distance on the moon. Ninety per cent 
will not exceed 10,000 meters altitude 
and all will be confined to a 30,000 
meter radial distance. 

Assuming the moon is covered with 
at least a thin layer of dust caused by 
meteoric impact. Ames scientists have 
simulated such conditions using sand 
as a target. They found that if the pro- 
jectile is large compared with the grain 
size of the sand, there is no difference 
in the mechanism underlying the re- 
sults cited for basalt targets. Laboratory 
work shows two or three times as much 


mass thrown from sand as from basalt. 
The speed of the cratered sand would 
be greater than the speed of sand in a 
desert sand storm, although it would 
not have the spatial density of the 
desert storm. Thus it is misleading, 
Gault said, to imagine the ejecta phe- 
nomenon to be as intense as a typical 
sand storm of the southwestern United 
States. 

Test projectiles are aluminum be- 
cause at the high speeds involved the 
nature of the projectile material is ir- 
relevant as long as the density dupli- 
cates that of meteoric material, stone. 
Aluminum was selected because it is 
structurally stronger than glass and 
easier to liandle in the laboratory. Av- 
erage projectile size varies in diameter 
from A to A in. 

Projectile speeds in the range do not 
match those of meteoroids, but all 
evidence suggests that the mass of ejecta 
is energy dependent. Extrapolation thus 
is possible of the 7,000 meters/sec. 
range speeds to the 1 5,000-30,000 me- 
tcrs/scc. speeds of meteoric particles. 

Meteoroid material may originate 
from the asteroid belt, and. typically, 
weigh a gram or more, and from the 
remnants of comets. The latter particles 
are more often less than a gram in 
weight. Astcroidal material moves 
more slowly, and would probably strike 
the moon less frequently than cometary 
material. Cometary material is the more 
populous and is statistically the greater 
hazard. 

Ames’ hypcrvelocity impact studies 
are aimed at understanding phenome- 
nology and mechanics of impact, 
particularly of meteoroid particles with 
relation to the lunar surface and its 
environment. Further, the studies can 
also aid in interpreting how the moon's 


HYPERVELOCITY ballistic gun and range facility on which simulated lunar impact expert- 
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Television eye under the sea 


Bell System experiments with ingenious TV vehicle 
to rove ocean floor and inspect vital undersea cables 
—another way the Bell System seeks to assure high 
reliability of military and civilian communications. 

Undersea cables provide important paths for military 
and civilian communications. 

But, until recently, it was impossible to view these 
cables on the ocean floor and examine their condition. 

Now this may be changed. 

In a recent experiment, Bell System scientists 
viewed submerged cable via an unusual underwater 
TV vehicle. 

From a surface ship, the vehicle was driven to 
the ocean floor and located cable via the TV camera. 


By remote control, the vehicle was maneuvered along 
the cable’s path. 

This was the first systematic study ever made of 
undersea cables. 

And by it, the Bell System learned many things 
that will result in improved designs to meet ocean 
bottom conditions and permit further advances in 
cable laying techniques. 

The underwater television vehicle is another 
illustration of how Bell System ingenuity is con- 
stantly at work to assure round-the-clock reliability 
of military and civilian communications. 

fjpj) Bell Telephone System 


AMERICAN TEL & TEL CO. / WESTERN ELECTRIC CO. / BELL TELEPHONE LABORATORIES / 21 OPERATING COMPANIES 
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surface was formed. From this work, 
more will be learned about lunar sur- 
face texture, probably influencing the 
design of lunar spacecraft and roving 
lunar vehicles. 

In typical experiments, projectiles 
arc fired into space targets and ma- 
terial ejected from the crater is col- 
lected. Pictures are taken during flight 
with high-speed framing cameras oper- 
ating at 5,000-1.000.000 frames-per-sec. 
to show material excavated from the 
crater and the trajectory the material 
follows in flight after excavation. By 
measuring the crater and the mass of 
the target before and after excavation. 
Ames experimenters can extrapolate on 
how lunar material might be distributed. 

Examination of the size-frequency 
distribution of ejecta and correlation 
with the direction of the trajectory and 
material velocity indicates the distance 
material of a given weight might travel. 

Measurement of the flight of the 
ejecta in relation to the estimated flux 
of material hitting the moon gives an 
estimate of the total number of par- 
ticles in lunar flight at any time. 

Tests have been conducted in a 45-ft. 
gun and range combination. A soft 
plastic piston is drawn by powder 
charge to compress hydrogen to desired 
temperatures and pressures. The hydro- 
gen reservoir is released through a 
quick opening valve to drive the pro- 


jectile. carried down the gun barrel 
in a sabot for shielding. The projec- 
tile then enters a portion of the range 
in which the pressure is that of simu- 
lated lunar conditions. Spark shadow- 
graph pictures are taken at four stations 
along the trajectory to provide a time- 
distance history from which projectile 
velocity is determined. Impact and 
ejecta are photographed at the end of 
the range. 

Other targets include dolomite from 
an Arizona meteorite crater, sandstone 
and diatomaceous earth, a sea deposit of 
small single-cell animals, almost pure 
silica, and bonded and unbonded sand. 

Other conclusions of the Ames work: 

• Spray from craters formed by impact 
at oblique angles will lay symmetrically 
around the center of the crater, instead 
of in the direction of the trajectory. 

• Lunar surface probably is covered not 
only with dust but with rock rubble 
ranging in piece size measured in mi- 
crons to large angular blocks. This is 
supported by impact experiments on 
basalt targets which show ejecta follow- 
ing an orderly size distribution, 

Ames’ lunar impact work is done in 
cooperation with the U. S. Geological 
Surrey and present studies arc an out- 
growth of those conducted three years 
ago at the suggestion of Eugene M. 
Shoemaker of the Survev, who is now 
with NASA. 


NASA Awards $10,800 
To Mercury Inventors 

Washington— Five inventions for the 
Project Mercury system brought the in- 
ventors awards totaling SI 0,800 from 
the National Aeronautics and Space 
Administration. 

Seven-man team involved in the 
spacecraft design shared S4.200. They 
are Maxime A. Faget, Andre J. Meyer. 
Jr.. R. G. Chilton, Jerome B. Ham- 
mack, C. C. Johnson, W. S. Blanchard 
and A. B. Kehlct. Faget and Meyer 
each also received S750 for devising the 

Meyer also received an additional 
SI, 000 from the space agency for devel- 
oping the parachute and equipment 
jettison system for Mercury. 

Faget. William M. Bland. Jr., and 
Jack Hebcrlig shared 52,100 for invent- 
ing the couch restraint system. Emedio 
M. Bracalcnte and Ferdinand C. Wool- 
son each received SI.000 for inventing 
an ablation rate meter. 

The recipients arc all officials at 
the space agency's Manned Spacecraft 
Center. 

In another award, George P. Wood. 
Arlen F. Carter and Dr. Adolph Buse- 
mann of Langley Research Center 
shared 51,200 for inventing a plasma 
accelerator. 
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How many nine digit numbers are divisible by 11, no digit equal 
to zero and no two digits alike? — Contributed 


Single crystals for solid state devices are coming from our Air- 
tron's Solid State Materials Laboratory in large sizes. Example: 
the laboratory has grown a single crystal YIG weighing 216 grams 
from which a “perfect piece” lx 14 -inch cross section has been cut. 
New techniques are expanding, too. Spectroscopically pure calci- 
um tungstate laser crystals are also available in length to four 
inches, in diameter to Vi inch. Our Airtron Division will be de- 
lighted to tell you more. Write: 200 East Hanover Avenue, Morris 
Plains, New Jersey. 

answer to last week’s problem: The distance from Kroflite to 
Beeline must be at least 25 miles. The towns could then be 
located at distances 0,1,4, 10,18,23 and 25 miles from Kroflite. 
There are 21 distances between towns and these are all distinct. 
Any shorter distance would mean at least one duplication. 

m LITTON INDUSTRIES, INC. 

Beverly Hills, California 
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AERONAUTICAL ENGINEERING 


XC-142A INBOARD PROFILE DRAWING shows: (1) avionics compartment: (2) provisions for radar antenna; (3) cabin heater; (4) auxiliary 
power unit panel; (5) forward fuel cell; (6) forward center-section ramp; (7) transmission tec-box; (8) wing actuator; (9) aft center-section 
ramp; <101 aft fuel cell: (11) tail rotor shafting; (12) vertical tail fold line: (13) tail rotor; (14) tail rotor fold line; (15) upper cargo door 
actuator; (16) cargo ramp actuator; (17) control system integrator linkage; (18) stowed seats for 32 troops. 


XC-142A Detail Design Effort Hits Peak 


By David A. Anderton 

Detail engineering design workload 
on the XC-142A V STOL transport 
program currently is at its peak and is 
expected to be completed early next 

First aircraft, being developed by a 
team of Chance Vonght Corp., Ililler 
Aircraft Corp., and Ryan Aeronautical 
Co., is scheduled for rollout at the end 
of this year (AW Sept. 3. p. 24). List 
of program cheek points also calls for 
the XC-142A to make its first conven- 
tional flight in March, 1964. and its first 
VTOL. flight in May of that year. 

With the exception of some minor 
changes to smooth the airflow (AW 
Nov. 19. p. 23) and an increased hori- 
zontal-tail span, the basic design of the 
XC-142A is the same as that which 
won the tri-service VTOL transport 
competition for the team. 

XC-142A Concept 

Concept of the XC-142A is built 
around a lift propulsion system using a 
tilting wing and the deflected slipstream 
from four 1 5.5-ft.-dia. Hamilton Stand- 
ard propellers, each driven by a Gen- 
eral Electric T64-GE-1 turboprop 
engine rated at 2,850 shp. Design pay- 
load for VTOL missions is S.000 lb. of 


cargo or 32 combat-rcady troops. The 
transport is designed to carry that pay- 
load over a combat radius of 200 naut. 
mi. and to hover for 10 min. at the mid- 
point of that mission. 

Gross weights vary with the mission, 
but arc under a maximum of 41,100 lb. 
for VTOL operation. 

As prime contractor and systems 
manager. Vought’s role is to run the 
program and to design and build parts 
of the airplane not assigned to other 
team members. This includes fabrica- 
tion of the forward and center fuselage 
sections, and design of the wing and 
landing gear. 

Ryan's design and fabrication work 
includes the rear fuselage section, the 
tail surfaces and the nacelles. The com- 
pany also is responsible for fabrication 
of the wing panels and design of the en- 
gine installation. 

Hiller is charged with responsibility 
for the design and construction of power 
transmission systems, the gearing, inter- 
connecting shafting and the tail rotor. 
The company also will build the flaps 
and ailerons. 

This division of labor was part of the 
agreement made among the three com- 
panies when they decided to propose a 
design for the original tri-service com- 
petition. Vought, as leader of the team, 


paid two-thirds of the cost of the pro- 
posal. They chose Hiller because of 
that company's experience with high- 
speed transmissions, used earlier on the 
Ililler X-1S VTOL tilt-wing research 
aircraft. Ryan's experience with the sta- 
bility and control of a wide variety of 
STOL and VTOL aircraft made that 
company a natural choice for the team. 

Rvan and Ililler split the cost of the 
remaining third of the proposal effort. 
When the group was awarded the con- 
tract. the workload was proportioned as 
nearly as possible to the proportions of 
cost-sharing on the proposal. That is 
why Ililler is building the flaps and 
ailerons in addition to its work on the 
transmission: the original breakdown of 
work which gave the transmission job 
to them did not quite make one-sixth 
of the dollar value of the contract. 
Optimum Design 

Team members have long since given 
up the task of trying to convince ob- 
servers that the tilt wing plus deflected 
slipstream design is best or optimum. 
There are as many "optimum" VTOL 
configurations as there are investigators 
of the schemes. 

Instead, the Vought-Ryan-Hiller per- 
sonnel concentrate on telling why they 
chose the configuration. Their approach 
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was to base design analyses on four re- 
quirements: 

• Type specification had to be met. 

• Design should be an airplane with 
VTOL capability, not a VTOL vehicle 
that could also fly like an airplane. 

• Handling qualities should be excel- 
lent; all early VTOL efforts were de- 
ficient somewhere in this area. 

• Reliability and on-schedule, low-cost 
delivery. Approach here was to specify 
a low research and development risk for 
all components, and to be able to use 
alternate components if necessary. 

These criteria were applied to four 
basic types of VTOL designs; tilt wing, 
ducted propeller, tilt rotor and unloaded 
rotor. The final choice of tilt-wing plus 
deflected slipstream was considered an 
optimum. 

The classical problem of tilt-wing 
aircraft is prevention of wing stall over 
the operating range. Early test vehicles 
in VTOL programs experienced this 
problem, with the most severe situation 
occurring during transition from for- 
ward flight to vertical landing. 

In transition, the tilt-wing aircraft 
is decelerated by tilting the wing to- 
ward the vertical. This increases the 
drag of the airplane, and it begins to 
lose airspeed and altitude. Power re- 
duction produces further deceleration 
and an increased sink rate. 

As the sink rate increases, the vertical 
velocity adds its increment to the other 
velocities which determine the resultant 
angle of attack on the wing: the frcc- 
stream velocity and the slipstream 
velocity. 

Frec-stream velocity decreases as the 
aircraft decelerates, and slipstream 
velocity decreases as the power is re- 


duced. The result is that the vertical 
velocity increment becomes the domin- 
ant factor in determining the angle of 
attack over the wing. As the sink rate 
increases, the angle of attack over the 
wing increases and can pass the stall 
angle. 

Drag Increase 

A very gradual descent will overcome 
this problem, but the unique capability 
of the VTOL aircraft is lost in such 
an operation. To make the transition 
abruptly, in minimum time and dis- 
tance, the aircraft must be able to main- 
tain an unstallcd wing. 

On the XC-142A, which combines 
the tilt-wing principle with the de 
flectcd-slipstrcam approach to VTOL 


flight, this is accomplished through in- 
creasing the drag of the airplane by de- 
flecting the flaps. This requires the use 
of more engine power to maintain a 
given sink rate than in the case of the 
unflapped, tilt-wing airplane. The in- 
cremental power results in an increased 
slipstream velocity over the wing and 
compensates for the increased angle of 
attack due to sink rate and the loss of 
forward velocity. 

Proper management of power main- 
tains the relative angle of attack always 
below the stall angle. For any given 
wing-tilt angle, there is a single rela- 
tionship between propeller thrust and 
the free-stream velocity which must be 
maintained to avoid the stall. 

The combination of the tilt-wing and 



GENERAL ARRANGEMENT DRAWING of the XC-142A shows the geometric characteristics of the V/STOL transport. Wind-tunnel 
tests have shown the need for filleting at rear of landing-gear pods and in vertical tail-fuselage area. 
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GANNON 

umbilical: 

PLUGS 


FOR THE SPECIALIZED DEMANDS OF MISSILE LAUNCHING Cannon Umbil- 
al Plugs are designed to provide the utmost reliability in connections between 
complex electronic systems within a missile and a master control point or 
•r ground systems. Cannon is a pioneer in umbilicals and 
. associated equipment; our research and development has kept 
pace with the expanding space program and can provide umbilicals 
to meet any challenge of missile launching. Our Phoenix Plant specializes in every phase 
of engineering, manufacturing, and testing— produc 
umbilicals compatible with any method of launching, any- 
method of engagement and release. If you have standard or specialized launch requirements, 
consult the first name in plugs. Write for complete information to: 

CANNON ELECTRIC COMPANY, 3208 Humboldt Street, Los Angeles 31, California | 
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dcflcctcd-slipstrcam approaches is better 
than the tilt-wing alone for transition. 
Vought concluded. At the other end of 
the scale, the combination shows a bet- 
ter hovering performance than a pure 
deflected-slipstream type. Turning 
losses for the deflected-slipstream 
VTOL aircraft are not acceptable, 

Basic to the XC-142A design is its 
lift/propulsion system, which is re- 
quired to develop 105% of the airplane 
gross weight as vertical thrust for 
VTOL operations on a standard sea- 
level day. Early in the design, the team 
had to choose between propellers and 
rotors to satisfy the several conditions 
for forward, vertical and transition 
flight, plus the demands of stability and 
control. They chose conventional pro- 
pellers and a tail rotor to avoid a long 
development program for the cyclic con- 
trol system and the lightweight blades. 

Hamilton Standard Division of 
United Aircraft Corp., which developed 
the propellers, used its lightweight in- 
tegral gearbox as part of the design. 
There are overrunning clutches installed 
between each propeller and its driving 

Powcrplants were originally desig- 
nated as T64-GE-6, but a recent Air 
Force designation change for the engine 
is responsible for the current model 
number of T64-GE-1. Future develop- 
ment of the T64 engine, aimed at 5.250 
slip., is under way at General Electric's 
Small Aircraft Engine Dept. 

Engines are interconnected with 
high-speed cross-shafting, operating at 
8,000 rpm., so that an engine failure 
does not produce catastrophic effects. 
Unconnected, an engine failure on one 
side could produce an uncontrollable 
rolling moment. The other need for the 
cross-shafting is to shift control power 
from one side to the other for control 
during hovering. 

A takeoff from the engine eross-shaft- 
ing drives an accessory gear box in the 
fuselage, which has a takeoff for the 
tail rotor driveshaft. There is a me- 
chanical brake for the tail rotor. 

At each bearing point in the cross- 
shafting, there is a contoured, flexible- 
diaphragm, high-speed coupling using 


XC-142A Performance 

Design gross weight, lb 

, . . .37,474 lb. 

Max. VTO weight, sea 

cvcl stand- 

ard, thrust/weight = 

.05.. 41.100 lb. 


akeoff wt.. 


. . . 6.S00 fpm. 



Maximum speed, 20.000 

ft 374 kt. 

Radius of action, design 



.200 naut. mi. 

Hover time at mission m 

d-poiut . 10 min. 

Mission craisc speed . . 

250 kt. 


HOW MUCH 

CAN A SCIENTIST DO FOR HIS COUNTRY? 


At MITRE engineers and scien- 
tists are working to create the 
command and control systems 
that protect our country from at- 
tack. This is a job of global scope 
and national importance. 

You know some of these sys- 
tems by name - SAGE, BMEWS, 
NORAD Combat Operations Cen- 
ter. Here is an opportunity for 
you to become intimately ac- 
quainted with their design, de- 
velopment and integration. And 
perhaps most important - to 
help in the creation of systems 
yet unnamed. 

Your work at MITRE would lead 
you into new areas of work - 
spawned by the growing new 
science, Military CommandTech- 
nobgy. You might be developing 
surv.vabiiity techniques, or proc- 


essing intelligence data with one 
of the world's largest computers, 
or designing new systems for 
tracking space hardware. 
Whatever you do - and there 
are many opportunities fora sys- 
tems man at MITRE - yourwork 
will be of great importance to the 
country. Your participation, in 
fact, will involve you with the 
basic defense of the free world. 
MITRE is located in pleasant, 
suburban Boston. Rewards 
are competitive. Require- 
ments, B.S., M.S. or Ph.D. in 
these disciplines - electronics, 
physics, and mathematics. 
Write in confidence to Vice Presi- 
dent - Technical Operations, 
The MITRE Corporation. Box 208. 
Dept wsio. Bedfo'd. Mass. 
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PRODUCTION 
APPLICATION OF FULLY 
INTEGRATED CIRCUITS 


How Texas Instruments worked with the Data Systems 
Division of Litton Industries to improve a major 
airborne air-defense system — in record time! 


Litton’s Data Systems Division is in full 
production on the AN/ASA-27 radar 
computer indicator, incorporating SOLID 
CIRCUIT" semiconductor networks 
supplied by Texas Instruments. This vital 
computer equipment is carried aboard 
the Navy’s W2F-1 early-warning radar 
aircraft. 

As part of a program to improve reli- 
ability, engineers at Litton Industries 
decided to investigate the substitution of 
integrated circuits for existing conven- 
tional circuits. Speed was essential to meet 
Litton’s contract deadlines. 

TI and Litton design engineers quickly 
evaluated a number of Litton circuits to 
determine where semiconductor networks 
would be most useful. Work was immedi- 
ately started on a series of shift-register 
circuits which appeared to offer the 
greatest promise. 

Within two weeks, TI engineers had bread- 
boarded the circuits, using both standard 
Series 51 SOLID CIRCUIT semiconductor 


networks and several customized varia- 
tions utilizing TI’s “Master Slice” tech- 
nique of depositing special interconnection 
patterns on standard-diffused silicon slices. 
Engineers and management from Litton 
and TI worked closely together during 
another six weeks. At the end of this 
period, prototype semiconductor-network 
modules were ready for approval by 
Litton’s Data Systems Division. 

The new shift-register circuits proved to 
meet the higher reliability standards im- 
posed by Litton. In addition, construction 
was simplified and the number of soldered 
connections (potential trouble spots) were 
drastically reduced. 

What are your circuitry needs: greater 
reliability? lower cost? lower power re- 
quirements? smaller size? lighter weight? 
SOLID CIRCUIT semiconductor networks 
can be your answer now. Call your TI 
sales engineer today, or write to Texas 
Instruments Incorporated, Department 
470, for more information. 


LEFT: New and old shift register cards are shown actual size for comparison. 
The top card employs 32 Texas Instruments semiconductor netivorks, 
while the bottom card is an earlier design using discrete components. 

Notice the simple, uncluttered arrangement of the top assembly. 

A much smaller printed circuit board could have been used if desired. 

RIGHT: A SOLID CIRCUIT semiconductor network is shown actual size. 
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ball-bearing splines. The bearing points 
were located to keep shafting natural 
frequencies well above operating-speed 
frequencies. Each of the bearings is pre- 
packed and has a design life of 1,000 hr. 

Wing has a simple, near-rectangular 
planform with a slight sweep on the 
leading edge. It is mounted on the fuse- 
lage with a negative dihedral angle. 
Full-span leading-edge flaps and full- 
span double-slotted trailing-edge flaps 
arc fitted. Outboard segments of the 
trailing-edge flaps operate independently 
as ailerons. Dual synchronized actua- 
tors, with full strength in each one, 
control the tilt angle. The angle can 
be varied from zero to 100 deg. from 
the horizontal; the latter deflection was 
planned to allow the XC-142A to hover 
in a tailwind. 

Flight Controls 

Primarv flight controls are powered, 
with a dual hydraulic system as the 
power source. Cockpit control motions 
are fed through a mechanical integra- 
tor linkage which determines the ap- 
propriate control surface deflection as 
a function of the wing tilt angle. 

A four-function stabilization system 
—tied to pitch, yaw, roll and altitude 
data-is specified for IFR stability 
characteristics and for stability in hover- 
ing and transition flight. It gives sta- 


bilization of pitch attitude and rate, yaw 
damping, roll attitude, and rate, and 
altitude damping. 

Flight controls for normal flight are 
conventional; ailerons, rudder and the 
movable horizontal stabilizer perform 
their usual functions. In VTOL flight, 
roll control comes from differential col- 
lective pitch on the propellers, and is 
stabilized in both attitude and rate. 
Pitch in VTOL mode is handled by the 
tail rotor and also is stabilized in atti- 
tude and rate. Yaw control comes from 
the ailerons, operating in the propeller 
slipstream: the control is rate-stabilized. 
Altitude, considered as a control param- 
eter in VTOL flight, is handled by col- 
lective pitch on the propellers, and is 
rate-stabilized. 

Transition flight is more complex, but 
the mechanical integrator is designed to 
cope with it. Roll control comes both 
from differential collective pitch on the 
propellers and deflection of the ailerons. 
Pitch control is provided both by the 
tail rotor and by the movable horizontal 
stabilizer. Yaw is handled by differential 
collective pitch on the propellers, and 
aileron and rudder deflections. 

Remainder of the airplane systems are 
almost conventional, modified only by 
an occasional special feature which 
marks some aspect of the VTOL or 
transition flight requirement. 


There are three primary generator 
systems and one emergency generator 
system in the electrical machinery 
aboard the aircraft, with only two of 
the primary systems operating at any 

Electrical power operates engine, 
propeller anti-icing and cockpit wind- 
shield anti-icing systems, provides for 
ground checkout and the avionics sys- 

Hydraulic power starts the engines, 
operates the controls, provides the basic 
energy for stabilization, utility and 
emergency systems. The utility system 
operates landing gear, brakes, flaps, wing 
tilt angle mechanism, cargo doors, lead- 
ing-edge flaps, nose-gear steering and 
wing and tail-folding features which 
were originally proposed when the de- 
sign was a tri-scrvice transport. The 
emergency' system operates the same 
units except for nosewhecl steering and 
the folding of wing and tail. 

Structure of the XC-H2A is com- 
pletely conventional. Fuselage is the 
classical semi-monocoque type, built 
around the concept of providing max- 
imum cargo space. 

The wing has a continuous main 
structural box section over the fuselage, 
and is mounted to the fuselage at four 

^ Fuel is located in two bladder cells in 
the upper fuselage. Forward cell feeds 
the aft cell, which has a sump leading 
to dual booster pumps driven by the 
engine cross-shafting. Basic fuel capac- 
ity now is 1.400 gal., or 8,690 lb. Addi- 
tional ferry' fuel— 10,349 lb.— can be 
carried in the fuselage cargo compart- 


Loading Method 

Cargo or troop loading and unloading 
is primarily to be done through a ramp 
door at the rear. 

Floor level of the cargo compartment 
is three feet above ground level. There 
is an alternate forward door on the fuse- 
lage port side. 

Four basic missions have been de- 
fined for the operational role of the 
XC-142A; 

• Navy-Marine assault mission. This 
flight plan envisions operations from a 
carrier offshore. The XC-142A would 
make a vertical takeoff at a gross weight 
of 34.880 lb., and carry an 8,000-lb. 
pavload at sea level, cruising at 250 kt. 
on two engines over a distance of 100 
naut mi. It would make a vertical land- 
ing, offload its cargo and reload 4.000 
lb. for the trip back to the carrier. Ten 
minutes hover time is allotted to the 
mission mid-point. The XC-142A 
would land back on the carrier with 
10% of its initial fuel remaining. 

• Army tactical transport mission 1 . 
This mission would utilize a vertical 
takeoff, at a gross weight of 37,400 lb- 
including an 8,000-lb. payload. The air- 
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plane would cruise at minimum alti- 
tude at a speed of 250 kt. on two en- 
gines, to a mission mid-point 200 naut. 
mi. distant. There it would be allowed 
10 min. hover time, and would offload 
its cargo and reload 4.000 lb. with no 
refueling. It would cruise back at 250 
kt. on two engines and at minimum alti- 
tude and land at the home base with 
10% of initial fuel remaining. 

• Army tactical transport mission 2. 
This flight would use the STOL ca- 
pability of the XC-142A to increase 
both payload and range. It envisions 
operations between airstrips 300 naut. 
mi. apart, with the XC-142A flying at 
minimum altitude and 250 kt. on two 
engines, but starting at a gross weight 
of 44,000 lb. with a payload of 14,000 
lb. It would use STOL operation at 
the mission mid-point and presumably 
return empty to the home base. 

• Ferry mission. The XC-142A would 
make a short takeoff from a permanent 
base at a gross weight of 44,500 lb., 
carrying a pavload of 4,300 lb. It would 
clinib to 25,000 ft. for cruise at 240 kt. 
on two engines, cover a distance of 
2.600 naut. mi. and land vertically with 
10% of the initial fuel remaining. 


Conventional Cril 


Conventional performance criteria for 
the XC-142A show the maximum speed 
capability between 350 and 360 kt. at 
sea level, and between 360 and 370 kt. 
at 25.000 ft. altitude, depending on the 
aircraft weights and mission demanded. 
Sea-level rates of climb vary from about 
5,500 fpm. to 7,200 fpm., depending 
on the mission. 

Tire permissible gross weight for 
VTOL operations is limited by the 
criterion that the thrust must equal 1.05 
times the gross weight. Thrust is deter- 
mined by the power that can be drawn 
from the engines, which in turn is 
determined by the ambient tempera- 
ture and whether or not water injcc- 

For a standard sca-lcvcl day. the maxi- 
mum gross weight becomes 40,900 lb. 
for VTOL operations, not using water 
injection. With water for the engines. 


42.50C 

On 


lb. 


i-lcvcl tropical dav. the gross 
ight is restricted to 36.200 lb. with- 
‘ - injection, and 39.700 lb. with 


Official figures for the XC-142A de- 
sign show that the calculated perform- 
ance everywhere meets or exceeds the 
required values originally set out in the 
specification. In two cases— STOL mis- 
sions. landing and takeoff distances— 
no specification figures were given; the 
performance was to be determined by 
the bidder and was to be consistent 
with the way the aircraft met other re- 
quirements. 

First details of the XC-142A specifi- 


cation were revealed verbally by Court- 
land D. Perkins, then assistant secretary 
of the Air Force for research and de- 
velopment, at a conference on VTOL 
aircraft hehl by the National Aeronau- 
tics and Space Administration at Lang- 
ley Research Center in November, 
i960. 

Perkins was concerned that rumors 
were designing too many of the pro- 
posals and he took advantage of the at- 
tendance at the conference to present 
briefly the specs as thev were at that 
time (AW Nov. 28, I960, p. 31). Most 
of the requirements, which had been 
hammered out by a joint sendee group 
of three teams, have remained essen- 
tially the same; the gross weight has 
risen, which is standard for any design 
between proposal and contract award, 
and generally again between contract 
award and first flight. 

Original aim was to finance a pro- 
gram of five aircraft for evaluation and 
test. If the tests proved what they set 
out to prove, the aircraft could be 
moved into production with a mini- 
mum of delay. If they didn't, the cost 
of the program was expected to be less 
than financing a second round of devel- 
opmental VTOL test vehicles. 

Air Force and Army each transferred 
SI million in 1960 to the Navy, whose 
Bureau of Weapons was named pro- 


pay another SI million to give the pro- 
gram a firm foundation. Design pro- 
posals were submitted to Defense Dept, 
in April, 1961, with the hope that a 
contractor would be selected within a 
couple of months. 

Then companies or teams submitted 
detailed proposals, with six of them 
favoring cither the tilt-wing or the 
ducted-propeller concept (AW Mav 1, 
1961, p. 32). 

Most of the company proposals also 
specified utilization of the General 
Electric T64 powcrplant. 

But the decision was delayed for sev- 
eral months, with Army and Navy split 
on the basic concept to be chosen. 

Navy wanted a rotatable ducted-fan 
arrangement, and Army favored the tilt- 
ing wing approach. Air Force first sided 
with the Navy, and then switched to 
the Army viewpoint. USAF and Army 
then agreed on the best compromise 
design, the Navy walked out of the pro- 
gram, and the Military Selection Board 
recommended the choice of the 
Vought-Hiller-Ryan team to DOD. 
USAF was named weapons program 
manager, replacing the Navy's BuWeps; 
Navy agreed to continue its support of 
the program, and all three sendees were 
to contribute S7 million each for Fiscal 
1961 and Fiscal 1962. Total program 
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SANBORN 

30-channel 


EVENT 

RECORDER 



only 8!" high, with solid-state plug-in writing control: $2050 complete 


8?4* of panel space 

Meets MIL-l-26600/2 Class IB RFI Spec. 
Choice of 6 solid-state plug-in Writing 


Simple fronc-loading of 4.07* wide, 300- 
fooc charts, buiic-in paper cake-up 


Confidence : under worst combination of low 
probability of marking exceeds 99% 


:c intensity at all speeds 


• Self-cleaning, reversible styli replaceable 
individually or in groups of 30; stylus 


4 pushbutton-selected chare speeds, 1 to 
100 mm/scc.; remote controlled chart 


Signal return isolated from chassis (1 
megohm min.) 


1 his economical new 30-channcl operations monitor provides immediate, per- 
manent recording of on-off events on dry, elcccroscnsitivc charts — using “pulsed 
writing” for maximum clarity, stylus life and economy of power. Six different 

to match your signal voltage and recording requirements. Included arc types which 

Also, “precision types” for monitoring low level signals arc available with adjust- 
able threshold or balanced inpuc (with respect to signal return). Model 361 system, 
for rack mounting or portable case, is 854“ x 19* wide x 14)4“ deep, weighs 

to —40 v Writing Control, is $2050 F.O.B. Waltham, Mass. Prices wich other 

FOR UP TO 120 CHANNELS of on-off recording. Model 360 uses 16* wide. 
450-foot charts; has 9 standard and 9 optional additional speeds; takes only 14* of 
panel space complete with integral cooling system. Solid-state plug-in Writing 
Control cards described above arc optional. Model 
360 120-channcl Recorder alone, $3900; prices with 
various Writing Controls on request. 

Call your nearby Sanborn Sales-Enginccting Repre- 
sentative for complete specifications and application 
assistance. Offices throughout the U.S., Canada and 

INDUSTRIAL DIVISION 

SANBORN COMPANY 

WALTHAM Jl, MASSACHUSETTS 



XC-142A Dimensions 

Over-all wingspan 

. . .67.5 ft. 

Over all length 


Ovcr.aH height 



....30.0 ft. 

Folded length 


Folded height 


Cross wing area 


Cargo compartment length 

30.0 ft. 

Cargo compartment width 


Cargo compartment height 


Propeller diameter 


Fail rotor diameter 



cost for the five aircraft was then esti- 
mated at S70 million. 

Since then, the “bi-scrvicc" VTOL 
transport has progressed steadily 
through the early phases of its develop- 
ment, meeting its scheduled check 
points along the route. Mocknp was 
scheduled for completion in July of 
1962, and was inspected on schedule 
in late summer. 

Next Milestone 

Next major scheduled milestone is 
the shop completion of the first air- 
plane in December of this year. Other 
key schedule points: January, 1964- 
completion of second airplane; March, 
1964— first conventional flight of first 
airplane and shop completion of third 
airplane: May, 1964-shop completion 
of fourth airplane; June, 1964— first 
VTOL flight of airplane and first de- 
livery to USAF; July, 1964-shop com- 
pletion of fifth airplane. 

Contractor test and demonstration is 
scheduled for completion early in 1965, 
and the Air Force evaluation is expected 
to be completed by December of that 

Officially, the three services still sup- 



But Navv is now also sponsoring 
the Bell-Douglas ducted fan aircraft 
under the guise of a variable-stability 
research vehicle designated the X-22A 
(AW Oct. 1. p. 'SI. and the Air Force 
lias given Curtiss- Wright Corp. enough 
money to finish its unique X-19 VTOL 
aircraft using the radial-force principle 
(AW Aug. 6. p. 64). 

Other Programs 

This leaves the XC-142A as essen- 
tially a single-service transport, or. to 
look at the program another wav, there 
now arc three tri-service VTOL trans- 
ports where one was the original goal. 
Each service can show that it is support- 
ing the original wish of DOD: each 
service has its own program. It has been 
argued that both the X-22A and the 
X-19A arc insurance policies against 
the possibility of failure in the XC-142A 
program. 

But failure is one of the many pos- 


sibilities that has been investigated 
thoroughly by the tri-company team. 
Starting with the basic requirements 
for the design, and continuing all 
through the development program, 
every' possible approach has been made 
to ensure that the XC-142A will do 
what it is supposed to do. 

This shows, for example, in the basic- 
ally conservative design of the airplane. 
It shows in the extensive wind-tunnel 
test program, and in the use of the 
flight simulator. It is underlined by 
the list of expected problem areas to 
be encountered once the airplane gets 
into the air. 

Wind-Tunnel Tests 

The wind-tunnel testing started be- 
fore the proposal was submitted. A 
one-tenth scale model was tested in the 
cruise configuration in Vought's own 7- 
bv 10-ft. wind tunnel to get stability 
and control data. 

A six-tenths scale model was tested 
in the former full-scale tunnel at 
NASA's Langley Research Center in 
Virginia to determine its characteristics 
during transition. 

These tests and tuft studies defined 
optimum leading-edge devices, the 
trailing-edge flaps, and the propeller 
thrust-wing angle relationship to main- 
tain unstalled flight. Hover control and 
ground proximity effects were also 
checked in tunnels. 

Flight simulator was built around an 
analog computer to get a preliminary 
idea of handling and flvmg qualities; 
pilots of both fixed-wing and rotary- 
wing aircraft have logged large numbers 
of hours flying the simulator. 
Anticipated Problems 

Finally, there is a realistic approach 
to the problems still to be met. The 
tri-companv team has a list— which 
changes from time to time— of antici- 
pated trouble areas that won't begin to 
be noticed until the airplanes begin to 
fly. 

Among them are rough-terrain op- 
erations. IFR problems, noise and vi- 
bration. downwash velocities and their 
effects on loading and unloading dur- 

Thc team also remains unconvinced 
that the XC-142A is not suitable for 
naval missions. They currently are 
selling hard, trying to convince Na\y 
brass that the aircraft can perform any 
mission now on the Navy’s list, plus 
some others that hadn’t been thought 
about in connection with the VTOL 
transport (sec box on p. 67). 

That latter point keeps coming up 
again and again during anv discussion 
of the VTOL transport. There is gen- 
eral agreement that when the airplane 
starts evaluation, the real potentialities 
of its unnstial operational capabilities 
will be discovered. 
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NEARLY 300 HANDS-OFF AUTOMATIC LANDINGS by DC-7 outfitted with British BLEU automatic landing system have helped con- 
vincc Federal Aviation Agency and U. S. airlines that this is tile best technical approach to lower weather minimums. British system uses 
airborne radio altimeter, flare-out computer and automatic throttle controls, with improved ILS localizer for lateral guidance. 

FAA, ATA Pick British Landing System 


By Philip J. (Class 

Washington— Performance of the 
British-developed BLEU automatic 
landing system installed in a Federal 
Aviation Agency DC-7 during nearly 
300 hands-off landings in the U. S. has 
helped convince the FAA and U. S. air- 
lines that this is the best available tech- 
nical approach to safer bad-weather 
landings and lower weather minimums. 

FAA and the Air Transport Assn, 
are agreed that the present ILS instru- 
ment approach system, provided with 

performance to recently adopted Inter- 
national Civil Aviation Organization 
(ICAO) Category 2 standards, can pro- 
vide adequate lateral guidance to touch- 
down and vertical guidance to about 
100 ft. altitude. At that point the flare- 
out computer and radio altimeter can 
take over. 

FAA and ATA believe that there is 
no near-future role for competitive U. S. 
ground-based systems in civil opera- 
tions. These include the Airborne In- 
struments Laboratory Flarcscan. Gil- 
Allan Regal and the Bell Acrosystcms 
AN/GSN-5, an improved version of 
which is to be used on Navy aircraft 
carriers. 

Britain's original BLEU system was 
based on the use of a magnetic leader 
cable to provide accurate lateral guid- 
ance during the final phases of the ap- 
proach, But British tests with the DC-7. 

E rior to its delivery to the FAA, using 
oth leader cable and an ILS localizer 
equipped with the new directional an- 

70 


tenna, showed that the two had com- 
parable accuracies. 

Because of the difficulty and expense 
of installing leader cable at many air- 
ports, and because improved quality 
ILS will be required anyway at all major 
international airports in accordance 
with ICAO standards, the British arc 
reported to be ready to abandon the 
leader cable. 

This suggests that there should be a 
broad base for general international air- 
line agreement in April when the Inter- 
national Air Transport Assn, meets in 
Lucerne, Switzerland, to discuss 311- 
weather programs. 

Roughly half of the automatic hands- 
off landings which the DC-7 has made 
in the U. S. since it was delivered this 
summer were conducted at the FAA's 
National Aviation Facilities Experi- 
mental Center (NAFEC) in Atlantic 
City using well instrumented test facili- 

The rest have been made at more 
than a dozen different airports around 
the country. Only two of the nearly 
300 automatic landings had to be 
aborted, one at Pittsburgh's Allegheny 
County Airport and one at Duluth, 
Minn., because of bad bends in the 
localizer beam. 

Normally conservative FAA and ATA 
representatives who have flown the DC- 
7 during these tests use the words "fan- 
tastic" and "amazing” to describe its 
performance. They are particularly im- 
pressed with the routine, operational 
nature of the landings, without the last- 
minute adjustments of airborne equip- 
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ment which characterize flight tests on 
the competing ground-based U. S. svs- 

In all fairness, it must be pointed out 
that the latter arc experimental equip- 
ments designed only to permit evalua- 
tion of basic techniques rather than to 
demonstrate operational reliability. 
Nevertheless, the difference has been 
impressive. 

Even doubting airline pilots become 
ardent supporters after the fourth or 
fifth successive hands-off landing, ac- 
cording to an FAA spokesman. 

In demonstrations for Pan American 
at the Miami airport, the DC-7 made 
automatic landings with 40-kt. cross- 
winds at a 90-deg angle to the runway 
during a squall, without trouble. Longi- 
tudinal variation in touchdown point 
along the runway was about 200 ft. be- 
tween successive landings, with a lateral 
offset of about 20 ft. from runway cen- 

This 20-ft. lateral offset includes a 
14-ft. bias which has existed during all 
of the U. S. tests, apparently the result 
of a slight change in approach coupler 
or localizer receiver balance. However, 
FAA has not attempted to take out 
this bias to determine the stability that 
can be expected without adjustment 
over a long period of usage. 

The DC-7 is equipped with a modi- 
fied version of the Sperry A-12 auto- 
pilot, an early postwar model that uses 
vacuum tubes. The rest of the system 
is of British design. The flare-out com- 
puter and approach coupler were built 
by Smiths Aviation, which also supplied 
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the automatic throttle control and de- 
crab systems. The radio altimeter is a 
product of Standard Telephone & 
Cables, an affiliate of International 
Telephone & Telegraph Corp. 

Although the U. S. Air Force first 
demonstrated the use of a flarc-out com- 
puter and radio altimeter about 1 5 years 
ago, and several U. S. companies have 
built developmental models, none of 
these has demonstrated the consistent 
performance of the Smiths unit, ac- 
cording to an FAA spokesman. 

Tests Ended 

FAA and USAF recently decided to 
terminate further tests of the North 
American Autonctics AN/APN-114 
flarc-out computer on an F-102 because 
of unsatisfactory performance. Part of 
the trouble stemmed from the fact that 
the autopilot in the airplane was built 
by Hughes Aircraft and the radio altim- 
eter by Emcrtron (now a subsidiary 
of Litton Industries), while Autonctics 
supplied the flarc-out computer. This 
resulted in system integration problems. 

FAA has awarded contracts to Sand- 
ers Associates and Minncapolis-Honcy- 
well for radio altimeters, onginallv de- 
veloped for military use, which will be 
tested in the DC-7 in place of the 
British equipment. 

Current FAA plans for tackling the 
all-weather landing problem were dis- 
closed recently by Robert J. Shank, 
depute’ administrator for development, 
in response to 13 recommendations 
submitted bv the ATA's All-Weather 
Operations Committee (AWOC). Ad- 
ditional details were supplied by Alex- 
ander B. Winick, member of FAA’s 
system design team, at a recent AWOC 
meeting in Atlantic City. Shank’s re- 
sponse, as an official statement of FAA 
policy, showed the agency’s views were 
remarkably close to those of the airlines. 

Following arc the highlights of the 
FAA program cited by Shank, supple- 
mented by details provided by Winick: 

• FAA intends to take the leadership 
in providing improved ICAO Category 
2 ILS facilities at about 25 major air- 
ports in the U. S. (Category 2 stand- 
ards call for performance which will 
permit operations to 100 ft., J-ini. mini- 
mums.) First step in the up-grading will 
be installation of waveguide-type an- 
tennas to improve linearity of the local- 
izer beam. The agency will seek funds 
for waveguide localizer antennas at nine 
airports in its Fiscal 1964 budget, with 
the remainder to be budgeted during 
the following two years. Where required 
to provide good low-altitude glide slope 
beam quality, improved antennas will be 
installed. 

• Perfonnance of existing ILS facilities 
has been measured at 25 airports by 
Eclipse-Pioneer Division of Bendix 
Corp., under FAA contract using photo- 
theodolite on the ground and airborne 


recording of localizer and glide slope 
signals, to determine which airports re- 
quire improvements to meet Category 2 
standards. The report on this survey is 
being readied for release shortly. 

• New far-ficld monitor, designed to 
measure the stability of the localizer 
beam at a point in the approach path 
between middle marker and runway, is 
planned for Category 2 equipped air- 
ports. Tire far-ficld monitor will detect 
any deflection of the beam caused by 
surface traffic at the airport, while the 
existing near-field monitor directly in 
front of the waveguide antenna will de- 
tect catastrophic types of localizer mal- 

• Temrinal area DME installations to 
provide pilot and autopilot with precise 
information on aircraft distance from 
the runway during instrument approach 
are under consideration. FAA has two 
studv/developmcnt programs under way 
to determine the best way to achieve in- 
creased DME accuracy needed for a 
terminal facility. The agency now is in- 
stalling a modified Tacan station, pro- 
viding DME information, at the Miami 
airport and is considering a similar in- 
stallation on the West Coast to enable 
airspace users to gain experience in the 
use of ILS/DME. 

Terminal DME installations should 
be useful in automatic approaches to 
permit automatic change in autopilot 
gain as the aircraft nears touchdown 
and the ILS beam width decreases, pro- 
viding more stable aircraft control. 

Major point of divergence between 
FAA and ATA views is on the question 
of the need for precision approach radar 
(PAR). 


ATA says it secs no airline require- 
ment for PAR monitoring of ILS ap- 
proaches either now or for Category 2 
(100 ft., J-mile) operations. It therefore 
recommends deletion of the require- 
ment for PAR. This airline view stems 
from the fact that existing PARs arc 
not designed to track an aircraft below 
an altitude of about 200 ft., that they 
lack the accuracy needed to monitor an 
approach at low altitudes and that the 
funds required to modify or replace 
existing units with improved radars 
could better be spent elsewhere. 

PAR Future 

Shank said the FAA believes that 
"PAR, as an ILS monitor, contributes 
to the over-all safety of the landing 
operation . . . the requirement for PAR 
monitoring of turbojet approaches to a 
minimum of 200 and i has been re- 
affinned.” Me acknowledged that “tech- 
nical inadequacies in present equip- 
ments may exist" and said that new 
specifications arc being prepared. He 
noted that FAA has budgeted funds for 
additional PAR equipment m its five- 
year fiscal program. 

FAA’s system design team and the 
development division currently are work- 
ing on a definitive all-weather specifica- 
tion of what will be required on the 
ground, in the aircraft, in the airport 
tower and in the IFR room. This is 
intended to guide aircraft and avionics 
manufacturers, airspace users and FAA’s 
own organization in moving toward the 
long-sought goal of all-weather opera- 
tions, according to Albert Brown, head 
of the system design team. 

FAA is convinced that the necessary 
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White weaves an unbroken chain and a game of Hex* ends. Never a tie, for to block is to win. and one player is invariably 
blocked. Your opponent. Not chance, not guesswork, but a plan. A plan which takes chance into account, which conjectures 
all possibilities, and selects the best strategy from among alternative strategies. The winning one. So the winning of 
real conflicts becomes more of a science as we apply mathematical methods in selecting optimal military strategies, precise 
predictions on which the future shape of our military systems will be based. Such are the capabilities of our engineers and those 
we seek. If you would like to contribute to the determination of tomorrow's directions and the design of commensurable 
equipment and systems, you are invited to apply. Projects include sophisticated advancements in intelligence, detection, 
surveillance and reconnaissance systems for offensive and defensive missions. Send your resume to Mr. Harry A. Laur and 
expect immediate attention. Litton Systems, Inc., at 6700 Eton Avenue, Canoga Park, Calif., is an equal opportunity employer. 

m LITTON SYSTEMS, INC./ DATA SYSTEMS DIVISION a division of lit toh ibpustbies 


techniques arc available as a result of 
several years of work at NAFEC, by the 
British, and by the Air Force's Flight 
Control Laboratory. "Now it's largely 
r. matter of deciding which pieces to use 
and putting them together to form a 
well-integrated system," according to 

An important constraint which FAA 
is imposing on the required airborne 
configuration is that it must be suitable 
for retrofit in the existing turbojet fleet, 
both technically and economically. 
Flight Tests 

Winick, who is heading up the effort 
in the FAA system design team, says 
that "the time has come to clear the 
books of many techniques which FAA 
has been exploring and to decide which 
justify continued development." 

For example, by this spring Winick 
hopes to have enough flight test ex- 
perience to determine whether the basic 
Flarcscan or Regal techniques, or a hy- 
brid, is best for continued development 
as a possible far-future replacement for 
the radio altimeter as a source of alti- 
tude information during flare-out. 

Recently FAA installed both Flare- 
scan and Regal airborne units in a Bcn- 
dix B-25 which is being used for side-by- 
side comparison tests at NAFEC. 

The airlines do not believe that a 
system of the AN/GSN-5 type, which 
computes guidance commands on the 
ground and transmits these commands 
to the cockpit, is suitable as a primary 
civil approach aid. and FAA concurs. 
However. Bell has been told that the 
FAA is willing to consider the GSN-5 
as an independent monitor system for 
ICAO Category 1 3 standards (zero-zero 
miniinums) or for Category 2 if an in- 
dependent monitor should prove to be 
necessary. 

But unless the Air Force establishes 
an operational requirement for the AN/ 
GSN-5 for tactical use. FAA is not ex- 
pected to continue its work on the Bell 
system. Another contender for the role 
of an independent monitor is the Bcn- 
dix Microvision system (AW Sept. 10, 
p. 144). 

Category 3 

FAA hopes to have its Category 3 
all-weather system configuration defined 
and system-engineered by the end of 
1963, and to have a prototype of this 
system ready for flight evaluation by the 
end of 1964. The package is not ex- 
pected to include the choice of an in- 
dependent monitor system since agency 
thinking is fluid on this question and 
more work needs to be done before a 
decision is made. 

Some observers express the hope that 
the I’AA will outfit a turbojet transport 
with a duplicate of the British BLEU 
system now installed in the DC-7, to 
gain experience in the more difficult 
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of RECONOFAX® infrared equipments satisfy a 
wide variety of strategic and tactical applications. 
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The Problem . . . 

Space Vehicle Recovery 

How do you guide a manned, maneuverable re- 
entry vehicle to a routine landing . . . from 200 
miles up, 10,000 miles out? 

What are the basic system requirements, the 
operational concepts of a Recovery Control 
Center? What limits and tolerances will exist for 
each stage of the recovery process (re-entry, 
hypersonic flight, terminal approach, etc.)? What 
are the flight parameters, the human factors? 
What is needed in the way of vehicle energy man- 
agement, ground guidance, range instrumentation, 
data processing, data handling, display, communi- 
cations, trajectory analysis, information flow 
analysis? 

For over three years a Raytheon team led by 
R. L. Schroeder and John Zvara has been investi- 
gating these and other recovery problems. Primary 
emphasis has been placed on NASA’s Gemini and 
Apollo, USAF’s X-20 (Dyna-Soar), SLOMAR, and 
recoverable booster programs. 

Result: A unique conceptual techniques capa- 
bility. Understanding of what must be done to 
make a Recovery Control System work. Allied ex- 
perience in real-time data processing and display, 
communications, and hypersonic vehicle guidance. 

Schroeder, Zvara and other Raytheon scientists 
have published many technical articles on recovery 
control requirements, problems and concepts. We 
have collected a number of these and bound them 
under a single cover. If you would like a copy of 
this comprehensive document on system require- 
ments for manned space vehicle recovery, write: 
M. B. Curran, Dept. GM 13-6B, Raytheon Co., 
Lexington 73, Massachusetts. 



Raytheon’s John Zvara (left) and R. L. Schroeder 
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landing problems involved. They point 
out that both the British and French 
governments, recognizing the commer- 
cial importance of all-weather opera- 
tions, are using turbojet transports for 
their all-weather tests, while the U. S. 
appears to be having trouble finding 
funds to follow suit. 

During the recent ATA meeting in 
Atlantic City, eight airlines reported on 
their company programs to improve 
safety of bad-weather operations and 

While these individual programs un- 
dertaken by the airlines arc in many 
ways similar, there also are a number of 
interesting differences in emphasis. 

Pan Am Program 

For example. Pan American has put 
its initial emphasis on improving per- 
formance of its flight directors and pilot 
proficiency in their use, with a similar 
effort on the autopilot approach coupler 
taking second priority. 


Currently, about 70% of PAA’s 
turbojet pilots have been qualified by 
the FAA for 200 ft., 1-mile minimums 
at selected airports using flight direc- 

Many of the remainder arc ready 
to take their FAA qualification tests 
when schedules permit. There have 
been “no incidents or accidents" during 
the training or qualification, according 
to PAA's Ben McLeod. 

Coupler Approaches 

Pan Am has applied for FAA ap- 
proval for autopilot coupler approaches 
to 200 ft., 5-mile but has not yet re- 
ceived authorization. The airline has 
developed a modification for its Boeing 
707 and Douglas DC-8 autopilots 
which provides split-axis operation. Di- 
rectional control is provided by the auto- 
pilot, while the human pilot manually 
controls pitch axis. This is expected to 
be useful where there are bends in the 
ILS glide slope which an autopilot 



Shipboard Radar Duplexer 

Experimental Y-circulator type duplexer for Navy shipboard radar has successfully handled 
power levels greater than one megawatt, according to Electronic Communications, Inc. re- 
search division which developed the equipment. Work on prototype model is now in process. 
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ATTACK SURVIVAL of our Naval forces depends in part upon the ability of shipboard elec- 
tronic systems to operate after nuclear attack. Using the facilities of The University of Michigan 
Phoenix Laboratory, Bendix engineers are measuring the effects of gamma radiation on typical 
shipboard electronic circuits. This is one of a spectrum of Bendix programs covering design of 
systems tolerant of ionizing radiation from weapons, from nuclear propulsion systems, from 
nuclear space power systems, and from both natural and induced space radiation. Engineers 
interested in applications of radiation effects techniques are invited to contact our Personnel 
Director, Bendix Systems Division, Ann Arbor, Michigan— an equal opportunity employer. 
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this barrel 
delivers 
hydraulic 
firepower 
to the F-104 


You’re looking at the muzzles of 
the hydraulic pump in use on 
all the world's second generation 
F-104 aircraft — the first combat 
aircraft to become a standard 
among free nations. ■ Equal to 
the international scope of the 
F-104, American Brake Shoe’s 
reliable Kellogg AP10V-13 pumps 
used in the aircraft’s flight 
control and utility systems are 
manufactured by subsidiaries in 


AMERICAN 


Canada and Europe — as well as 
at the Aerospace Division in 
Oxnard, California. ■ In Canada, 
Brake Shoe’s Jarry Hydraulics 
Ltd. also manufactures horizontal 
stabilization servo assemblies and 
aileron servo assemblies for the 
F-104. ■ Whatever the scope 
of your electro-hydraulic problem, 
call on the Aerospace Division, 

3151 West Fifth Street, Oxnard, 
California. 

CANADA: Jarry Hydraulics Ltd.. Montreal 
EUROPE: Aerohydraul GmbH. Wiesbaden- 

aerospace" DivisioN 

BRAKE SHOE COMPANY 




BARRY DAMPING IN ACTION 


might tty to follow but which a human 
pilot can ignore from experience. 

On the other hand. American Air- 
lines is placing its primary emphasis on 
the autopilot coupler as the way to 
lower turbojet minimums. A number 
of improvements arc being made in the 
company's Eclipse-Pioneer PB-20D 
autopilot to enhance its performance 
and reliability (AW Nov. 27, 1961, 
p- 94). 


Localizer Intercept 

For example, the aircraft now can 
intercept the localizer at any angle 
where formerly it was limited to 44 deg. 
Autopilot desensitization to prevent 
over-control as the glide slope beam 
narrows now is triggered when the air- 
craft passes over the outer marker in- 
stead of when it intercepts the glide 
slope beam. 

To prevent the PB-20D from trying 
to follow small wiggles or bends in the 
beams as it nears the runway, the glide 
slope signal is disconnected from the 
pitch axis as the aircraft passes over the 
middle marker. For the remainder of 
the automatic approach, the autopilot 
maintains the same pitch attitude it had 
when under glide slope control, using 
the vertical gyro as a reference. 

Such techniques arc referred to as 
“glide slope extension." Lear Scigler 
uses a similar type of smoothing in its 
automatic landing system for the Sud 
Caravellc (AW Dec. 17, p. 43.) 

In theory, the use of only a pitch 
angle reference may allow the aircraft 
to overshoot or undershoot its desired 




Control 

structural fatigue . . . 

Control 

vibration response 


Under preliminary vibration test- 
ing, conventional chassis used 
with an airborne communications 
system quickly fatigued. Even 
worse, solid-state components 
failed when chassis amplifications 
caused closely-located modules to 
vibrate against each other. 

Any significant chassis stiffen- 
ing would lead to a prohibitive 
weight increase with still-insuffi- 
cient control of high-frequency 
vibration response. The practical 
answer to this tough combination 
of problems proved to be the 
Barry RIGIDAMP® technique 
for built-in damping. And, it re- 
duced chassis weight 10%. For a 
technical analysis of the prob- 
lem and solution ask for Barry 
Case History EA 11162. 


Adding to its capabilities, 
Barry Controls now offers an- 
other kind of structural damping 
... a new pressure-sensitive ad- 
ditive damping for application to 
existing structures. 

If you are concerned with the 
dynamic behavior of any struc- 
ture ... if noise transmission, 
weight restrictions, or structural 
fatigue are problems to you . . . 
ask for more information about 
Barry damping techniques: Data 
Sheet AI 1362, "Additive Damp- 
ing”, Bulletin 60-10 . . . "The 
Rigidamp Technique”. Write 
Barry Controls . . . Division of 
Barry Wright Corporation, either 
700 Pleasant St., Watertown 72, 
Massachusetts or 1400 Flower St., 
Glendale, California. 
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Could you design a 
TIMING SYSTEM 
for this installation? 



A B C D. 
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EECO "off-the-shelf systems" 
answer all time code require- 
ments for test facilities 

How would you use EECO liming equip- 
ment lo design a "do-it-yourself" timing 
system for this hypothetical space 
vehicle launching facility? 

Problem: See if you can match the liming 


w with the 

Is of the testing and 
data recording sites shown in the map of 
an imaginary launching facility. 

Assume existence of land line 
nccling all locations. 

See answer printed upsido dc 


1. EECO 811 Time Code Gcneratoi 
crates, all 4 1RIG formats or 1RIG formats 
in combination with NASA or AMR codes. 

2. EECO 30783 Control Bit Scanner Inserts 
up to 27 control bits into 1RIG time for- 
mats to identify test numbers ant* 
or to control external equipment. 

3. EECO 860 Neon Distribution Amplifier 
Provides timing signals to camera neo 
lamps. Includes neon "keep alive" volt 
age and current metering. 


milting modulated tlmi 
wave signals over land 
distribution systems to 


tape units, time displays, o 
terminal equipment. 

S. EECO 861 Relay Driver. Provides relay 
contact closures to plotting boards, pen 
recorders, or other high-current loads, 
locally or' ' " 




34 DC Lino Driver. Distributes 


7. EECO 865 Parallel Input Time Display. 
Supplements display on tho EECO "** 
within 500 feet of primary location. V 
mounted or rack-mounted, 

8. EECO 866 Serial Input Time Display. 
For remote display of generated til 
Can drive several EECO 865's from ( 

What we'ra driving at : you can do it j 
as effectively in reality by using y 
choice of EECO'S mutually compatible 


your own "off-the-shelf system"! 

By using EECO components, yoi „ 
the convenience and economy of stand- 
ardized. compatible, all-solid-state, off- 
the-shelf components. All standard til 
code formats available. Frequency si 
bility 5 parts in lO’/day. 

System design consultation by the 
leading developers of timing and syn- 
chronization instrumentation is available 
to help solve your problem. No obliga- 


touchdown point if there arc head or 
tail winds or gusts. But American Air- 
lines’ Jack Gibson told the ATA confer- 
ence that during its tests there had not 
been a single unsatisfactory approach 
due to excessive overshoot or under- 
shoot. Some of American's tests were 
conducted under turbulent, gusty con- 
ditions not normally encountered in 
low-minimums weather. 

Trans World Airlines, like Pan Amer- 
ican has put its initial emphasis on the 
use of flight directors and has obtained 
l-'AA approval for turbojet operations 
at 200 ft., i-mile at selected airports 
using the Bendix 300 flight director. 
The airline also is modifying its PB-20 
autopilots and approach couplers and 
hopes to obtain FAA approval for 
coupled approaches in the near future. 
Jack LcClair reported. 

Throttle Control 

But additionally TWA is pioneering 
the use of automatic throttle control 
and recently obtained FAA certification 
for such an installation on a Boeing 
707 and a Convair SSO. The airline 
believes that automatic throttle control 
and an appropriate cockpit display will 
be important to achieve the Category 
2 standards of 100 ft., i- mile, LcClair 
indicated. 

TWA has been using an automatic 
throttle control system, known by the 
acronym of SCAT (Speed Control 
Approach/Takeoff), made by Safe 
Flight Corp. 

The basic control signal comes front 
an angle-of-attack sensor and an accel- 
erometer which measures horizontal 
acceleration of the aircraft (AW Oct. 
17. 1%0. p. 92). 

The airline's tests show that such a 
system materially reduces pilot work- 
load during the difficult approach and 
landing phase. 

"It is much easier to check airspeed 
. . . than to manually maintain it." Le- 
Clair told the airline meeting. Because 
the angle-of-attack sensor and accclcro- 



Window Tube 


This is one practical way to 


i it— what’s yours? 


• 0 — 3 • S[au8|S 090 0033 

j • 8'z's— a • z'a'svc'z'i— v 


Electronic Engineering Company 

Representative in Western Europe and Israel: Elet 


IS01 E. Chestnut Ave. ■ Santa Ana. California, 
Phono: (714) 547-5501, P.0. Box 58 
leering S.A., C.P. 142 Friboure. Switierland 


New display device combines features of 
Charactron-typc cathode ray tube with slide 
projector, eliminates need for computer to 
generate fixed display of landmarks or other 
static information. New window tube was 
developed by General Dynamics/Elcctronics, 
San Diego, Calif. 
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meter respond instantly to small 
changes in aircraft speed, an automatic 
system is more responsive than a human 
pilot and can therefore hold airspeed 
more precisely, LcClair said. 

The SCAT system has slip clutches 
which enable the human pilot to over- 
ride the automatic control actuators in 
the event of system malfunction or 
other emergency. 

Automatic throttle control, installed 
on the FAA’s DC-7, is credited with 
playing a major role in the success of 
the BLEU automatic landing system 
by agency spokesmen. Since automatic 
throttle control can be installed and put 
into use without waiting for improve- 
ment in ILS facilities, some observers 
believe that it might be the first new 
element of all-weather equipment to 
find airline implementation. At least 
one other major airline will test auto- 
matic throttle control equipment. 
Go-Around Timing 

TWA also uses the SCAT system to 
help the pilot determine the optimum 
angle-of-attack and proper timing of 
rotation in the event a go-around ma- 
neuver must be executed. The optimum 
climb-out angle-of-attack is shown on 
the flight director automatically - at such 
times as the pilot pushes the autopilot 
disconnect button on the control wheel. 

Automatic throttle control is not a 


new idea. It was introduced more than 
1 5 years ago, but the early systems used 
vacuum tubes which, at that time, were 
relatively unreliable for airborne use. 
Back-up Systems 

Current thinking of most FAA and 
airline all-weather experts is that only a 
single autopilot and approach coupler 
will be installed. Backup service will 
be provided bv one or two independent 
flight director systems, with the pilot 
taking over in event of autopilot failure. 

The British have been the strongest 
proponents of using two or three sepa- 
rate autopilots to achieve required re- 
liability by means of redundancy. In 
some cases, this is carried to the point 
of providing separate electric power sys- 
tems and control surfaces for each auto- 
pilot (AW Aug. 20, p. 98). 

For more than a decade, the airlines 
and pilots have viewed the autopilot 
and flight director as items of conven- 
ience rather than necessity. The equip- 
ment saw relatively little use, particu- 
larly during bad-weather operations. 

As a result, there has not been, until 
recently, any significant pressure on 
avionic equipment manufacturers to 
achieve the high reliability demanded 
of the aircraft itself and the power- 
plants. As turbojet aircraft begin to 
operate at 200 ft., i-mile minimunis, 
and below, all parties concerned are 




Microcircuit Facility in Operation 


Continuous-process thin-film microcircuit production facility, now in operation at Naval 
Avionics Facility in Indianapolis (NAFI), can produce up to 750 microcircuits per hour. 
Substrates loaded through airlock into magazine in first vacuum chamber are automatically 
transported to adjoining chambers for successive deposition of other materials. Facility, 
designed and built by International Business Machines Corp. under S530.000 contract, is 
similar to one which company itself operates. Up to six different deposition masks can be 
stored in each chamber with remote control selection of desired mask. Deposition process 
employed by the production facility is automatically controlled. 
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going to demand reliability which is 
many, many times better than previous 
equipment has demonstrated. 

Under FAA sponsorship, Arinc Re- 
search Corp. currently is making a field 
survey intended to determine the re- 
liability of existing equipment. 

With few exceptions, it is almost cer- 
tain to be far below what will be re- 
quired. 

With the advent of extremely re- 
liable transistors and other components 
developed for critical military and space 
programs, such as the Minuteman 
intercontinental ballistic missile, there 
is no technical reason why equipment 
of the required reliability can not be de- 
signed and produced. 

But it may require a drastic change in 
the thinking, the design procedures 
and manufacturing controls to which 
avionics manufacturers have become 
accustomed. Where previously the em- 
phasis has been on cutting down equip- 
ment size and weight, these no longer 
are pressing requirements, and design- 
ers must shift their thinking to use of 
more conservative design techniques. 

Where formerly only critical gyro 
components were assembled in con- 
trolled-environmcnt "clean rooms," it 
may be desirable, if not necessary, to 
carry out the manufacture of the en- 
tire autopilot, coupler and flight direc- 
tor in such an environment. 



Shipborne Radar Antenna Displayed 

Dual-band radar for USAF’s advanced range instrument ships (Aris 1, 2), scheduled to 
become operational early this year, will obtain radar signature data on re-entering nose cones 
at both X-band and L-band with alternate pulses of horizontal and vertical polarization. 
The L/X-b3nd radar, being installed by Sperry Rand Corp., will be aimed at target by a 
separate C-band radar used both for tracking and to obtain signature data at C-band. 


Use of Semiconductor Microcircuits Growing 


Los Angeles— Use of semiconductor microcircuits, with their 
many potential advantages of high-rcliabilitv. small size, light 
weight and low power consumption, is contemplated in several 
major aerospace and weapon systems, including: 

• Polaris missile— An advanced design of a Polaris ballistic 

in its digital computer is being investigated by Massachusetts 
Institute of Technology, which has responsibility for develop- 
ing Polaris guidance systems. A substantial reduction in the 
size and weight of the guidance computer, which mierocir- 
cnitrv is expected to make possible, could stretch the range of 
Polaris. Signctics Corp. will be the supplier of microcircuits 
for the logic portions of the computer. 

• Apollo— Guidance system for the Apollo spacecraft, now being 
developed by Massachusetts Institute of Technology is expected 
to use microcircuits in its computer. Fairchild Semiconductor 
probably will supply large quantities of its Micrologic line for 
logic circuitry'. Three companies, selected to provide 100 sense 
amplifiers each for the computer, are Fairchild. Signctics and 
the Nordcn Division of United Aircraft. 

• Grumman W2F-1 Hawkcyc— Twenty-six AN/ASA-27 com- 
puter indicator systems scheduled for Navy/Grumman W2F-1 
Hawkeye aircraft will each be outfitted with eight microcircuit 
shift registers mounted on conventional plug-in circuit boards 
so as to make microcircuits compatible with existing equip- 
ment by the end of the present fiscal year. Texas Instruments 
recently received a contract, valued in excess of $900,000, to 
make the semiconductor microcircuits for Litton's Data Sys- 
tems Division, which makes the AN/ASA-27. Litton’s Guid- 
ance and Control Division separately is working on similar 
conversion to microcircuits of its central management digital 
computer for the Grumman A2F (AW July 9, p. 46). 


• Minuteman ICBM— Plans to incorporate semiconductor 
microcircuits in the guidance system of the improved version 
of the Minuteman ICBM arc finally taking shape with the 
selection of three supplier- -Texas Instruments. Wcstinghousc 
and Radio Corp. of America. Texas Instruments will be the 
principal supplier of over 100.000 microcircuits of about 21 
different circuits types. About 77.000 units will be logic cir- 
cuits of roughly six types, the remainder will be non-digital 
circuits. Wcstinghousc is to provide half of the logic circuits 
as a backup. All circuits arc to use the characteristic TI 
rectangular package. RCA will make a special switch circuit 
for the program. First operating version of a microcircuit 
Minuteman system is projected for completion this year. 

• VAX close support aircraft— Avionics systems for the Anny- 
Navv VAX close support aircraft will use microcircuitry as 
extensively as possible (AW Nov. 26. p. 23). Working under 
a Navv BuWeps contract, Litton Systems’ Guidance and Con- 
trol Division is developing a miniaturized inertial guidance 
system, applicable to VAX and other future high-performance 
Naval aircraft designated AN-ASN44. Two development models 
of the system arc scheduled for completion late this year, 
along with six service test models. These systems will use 
microcircuits on the gimbals of the stable platform. In addi- 
tion, its computer-amplifier section will have microcircuits in 
the navigation computer, the heading servos, and a precision 
power supply. 

Besides tile systems cited, practically every major military 
and aerospace computer manufacturer is building or com- 
pleting prototype devices using microcircuitry. Several manu- 
facturers. Dougias Aircraft and Lockheed Aircraft among them, 
which do not fall into the preceding category are carefully 
evaluating microcircuits for prospective aerospace systems. 



CURTISS-WRIGHT ELECTRONICS... 

adding a new dimension to the capability of man 


this C-141 crew thinks it has just completed an equipment drop 

giant transport's design is matched by the Curtiss- 
Wright simulator. Because it is fully digital, the simu- 
lator can be updated easily to reflect performance 
changes at minimal expense and down-time. 

Advanced activities like this have created immediate 
opportunities at Curtiss-Wright Electronics Division 
for solid state circuit designers, digital computer pro- 
grammers and others experienced in the application of 
real-time digital computation to the most challenging 
problems in simulation. 

For complete information, please write Mr. B. Gene 
Kelly, Manager of Professional Placement, Curtiss- 
Wright, Electronics Division, East Paterson, New Jersey. 
An equal opportunity employer. 


ELECTRONICS DIVISION 

CURTISS-WRIGHT CORPORATION 

35 MARKET STREET, EAST PATERSON, N.J. 





. . . comes through head heat unscathed ! 


Higher and higher recording speeds mean instrumenta- 
tion progress — and problems! Increased speed and tension 
on tape generates friction that concentrates heat around 
recording heads and can make ordinary tape unreliable. 
Signal dropout or distortion can result when this localized, 
high-tcmpcrature build-up separates recording oxides 
from tape backing. 

“Scotch” brand Heavy Duty Instrumentation Tapes 
carry signals coolly through head-heat environments. They 
withstand temperatures from — 40°F up to +250 C F. They 
last at least 15 times longer than 
ordinary tapes. Their heavy duty 
oxides and binders are formulated 
to resist heat extremes, minimize 
ruboff. Exclusive Silicone lubrica- 
tion eases head wear, tape wear. 

They offer 1000 times more conduc- 



tivity than ordinary tapes to drain off dust-gathering static. 

16 different “Scotch” Heavy Duty Tapes are available 
in 3 series. Polyester backings offered are .65, I and 1.5 
mils. Choice of coating thicknesses includes .18 and .43 
mils. “400" series: excellent high and low frequency reso- 
lution. “500” series: smooth, sharp resolution for broad 
band, other high frequency uses. “900" series: ultra- 
smooth surfaces for predetection recording systems, 
critical wide band needs. 

technical talk Bulletin No. 3 explains temperature 
effects on recording tape, discusses heavy duty oxide and 
binder combinations. Free. Just write 3M Magnetic Prod- 
ucts Division, Dept. MCJ-13, St. Paul 19, Minn. 



magnetic Products Division 




NEW AVIONIC 
PRODUCTS 


• Portable television recorder. Model 
VR-1 500, weighs 130 lb. and costs un- 
der SI 2,000. New video recorder uses 
2-in. wide tape operating at speed of 
5 in./sec. Unit operates from 117 v.a.c., 
60 cps. power, measures 30 x 8 x H 
in. Manufacturer: Ampcx Corporation, 
934 Charter St., Redwood City, Calif. 

• Solid-state thermostat with no moving 
parts, called Transistat, can control tem- 
perature of crystal oven, gyroscope, heat 




exchanger or other devices over tempera- 
ture range of 25C to 125C. The Tran- 
sistat measures I in. dia. x A in. high, 
weighs 7 gr. Device operates at volt- 
ages of 26 to 120 v.a.c. and can handle 
up to 60 watts. Manufacturer: Bulova 
Watch Co., Electronics Division, Wood- 
side. N. Y. 

• High-power noise source, Type RW- 
100, generates minimum of one watt 
of broadband noise power over fre- 
quency range of 50 kc. to 200 me. 
Smaller frequency band output can be 
obtained by means of external filters 
while still maintaining same integrated 
noise power output. Tube weighs only 
3 lb., uses forced-air cooling and has 


Never before...all these 
features in ONE spray gun 


Compare the Model 62 
with the gun 
you’re now using 



It’s all new. The only gun available 
that incorporates all the features 
you’ve asked for in a spray gun. 
Drop forged aluminum gun body... 
plated for extra protection. Rug- 
gedly built to withstand abuse of 
production handling. Fluid pas- 
sages are corrosion-resistant stain- 
less steel ... a Binks exclusive. 
Fluid threads also stainless steel. 
No seizing ... no stripping. These 
features assure long gun life. 
Newly designed air passages . . . 
extra large . . . give you more effec- 
tive air pressure at the nozzle . . . 
better atomization with less pressure. 
See the all new "62” at your local 
Binks distributor or jobber. We 
think you’ll agree, it’s the finest 
production spray gun available. 



Binks Manufacturing Company 3138 Carroll Avenue, Chicago 12, Illinois 
REPRESENTATIVES IN MAJOR U.S. AND CANADIAN CITIES. ..AND AROUND THE WORLD 
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ANEW 

IS 


NOSE UNDERCARRIAGE 


with built-in steering 
providing rotation 
through 360 ° and 
steering through ± 60 ° 


DOWTY EXPORTS LTD CHELTENHAM ENGLAND • DOWTY ROTOL INC ARLINGTON VIRGINIA USA 


projected operating lifetime of 1,000 
hr. Manufacturer: Warnccke Electron 
Tubes, Inc., 175 West Oakton St.. Dcs 
Plaines, 111. 

• Solid-state time delay, adjustable or 
fixed, with time delay values ranging 
from 0.1 sec. or less to 100 sec. Device 
is designed for use on printed circuit or 
module boards, measures only 0.4 in. 



high, is available with tinned wire leads 
or rigid pin connections on a 0.2 in. grid 
spacing. It is encapsulated, operates at 
voltages of 18 to 32 v. over temperature 
range of -65C to 125C: Wheaton Eng. 
Div., Hurletron, Inc., 920 Manchester 
Rd„ Wheaton, 111. 

• Data storage-display system, Model 
SM-IIA, capable of generating 500,000 
characters per second uses solid-state 
character generation with each con- 
structed from one to 25 individual line 



segments. A Bemoulli-disc memory is 
employed as storage clement. Manufac- 
turer: Laboratory For Electronics. Inc., 
1 079 Commonwealth Ave., Boston 1 5, 
Mass. 

• EM telemetry transmitter, with car- 
rier frequency stability quoted at 
0.01 %, has output power of 3i watts in 
the 215 me. to 260 me. band. The Solid- 
state transmitter's quoted stability ap- 
plies over temperature range of 0-8 5C, 
with deviation sensitivity of 100 kc./ 
volt constant to within 1 db. Unit 
measures 3x5x2 in., weighs 26 oz. 
Manufacturer: Phvsionics, Inc., Fort 
Worth 15, Texas. ' 



PACIFIC’S ROTARY ELECTRIC COUPLINGS FIT 

YOUR EXACT NEEDS From one ring to hundreds— any size or 
shape, Pacific Scientific Electric Rotary Couplings are de- 
signed and built to meet exact customer requirements! 
PSCo's unique and exclusive manufacturing techniques 
makes available to you couplings with these advantages. 

UNIQUE ELECTRODEPOSITED RINGS • CUSTOM DESIGNED BRUSH 
ASSEMBLIES FOR MAXIMUM LIFE • PRECISE CONCENTRICITY • NO 
FLEXURE OR BREAKAGE PROBLEMS - LOWER NOISE LEVEL - COM- 
PLETELY INTEGRATED ASSEMBLY FOR EASE OF INSTALLATION - 
INSURED RELIABILITY FOR BOTH ELECTRICAL SIGNALS AND MECHAN- 
ICAL transmission. Pacific can help solve your rotating 
electrical coupling problems for any application. For com- 
plete information, write to: AEROSPACE DIVISION: P.O. Box 
22019, Los Angeles 22, California • Sales Offices: Los 
Angeles • San Francisco • Seattle • Portland • San Diego • 
Denver • Arlington, Texas 
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-Shakes off 600 Heat 
-Saves precious time 


Like the hummingbird for which it was 
named, Lockheed-Georgia's XV-4A 
(VTOL) is designed to take off straight 
up. land straight down, hover in mid- 
air and streak forward at jet speed. 
Lockheed engineers say their job was 
made easier by the use of titanium on 
critical components. 

Strength in a hot spot. Two titanium 
wing spars, mounted forward and rear, 
give support to two jet thrust engines 
and a 25" 8" wing span. Exceptionally 
high strength-to-weight ratio wasn't the 
only reason for specifying titanium. 
Exhaust gases of 1300°F are diverted 
from the engines into a mixing cham- 
ber buried in the fuselage. Although a 
lot of this heat is contained, and some 
of it is dissipated, the center portions of 
the wing spars are exposed to 500-600F 
temperatures. 

A high-strength steel alternate would 
have imposed a severe weight handicap 


on a plane which had to shed every 
superfluous ounce to achieve optimum 
performance. 

Cut production time. The fact that ti- 
tanium alloy Ti-6AI-4V could be used 
in its mill-annealed condition (tensile 
strength of 1 30/ 1 50 ksi) saved precious 
time in a tight schedule. All alloys of 
steel would have had to be heat-treated 
to meet weight and strength require- 
ments. This would have involved time- 
consuming machining and correcting 
the inevitable warping consequent to 
processing. Machining the spars, a diffi- 
cult operation as it was, could not have 
been done on fully-treated steel. 

components, including the main land- 
ing gear trunion which carries the land- 
ing load into the plane's structure, face 
sheets on the fuselage in areas too hot 
for aluminium, and outer wing attach 
fittings. 


Titanium's unique properties-light 
weight, great strength, resistance to 
heat and corrosion, its properties from 
minus 423F to plus 1000F. its weld- 
ability and versatility-are daily facts 
of life in military and industrial metal- 
lurgy. Titanium can solve your weight 
problem, too. 


timet" 

\ titanium 


TITANIUM METALS 
CORPORATION OF AMERICA 

NEW YORK • CLEVELAND • CHICAGO • Mills ■ LOS ANGELES 



NEED A MORE 
RELIABLE SOURCE 
FOR 

ELECTRICAL 
CONNECTORS? 

Airwork guaran- 
tees on-schedule 
delivery of custom 
assembled Bendix' connec- 
tors to MIL Specs. Most de- 
liveries made in less than 48 
hours.To order call 885-2401, 
Area Code 305, collect, or 
TWX 305-821-3720. 


O.E.M 


VISION 


Macchi Proposes Jet Liaison Plane 


flirwork 


Varese, Italy— Aeronautics Macchi is 
proposing a six-place twin-jet executive 
aircraft to the Italian air force utilizing 
a large number of components now in- 
corporated in its MB.326 trainer. Deci- 
sion on whether to go ahead with the 
project depends upon government 
development support and is expected by 
mid-February. 

Macchi officials say the MB. 330 
liaison aircraft can be marketed at a 
basic price of approximately 5300,000 
plus another $80,000 for full instrumen- 
tation. Proposed powerplant is a 1,632- 
lb.-thrust version of the Turbomeea 

If it docs enter the already-crowded 
executive jet field, Macchi probably will 
have to contend with a strong domestic 
competitor as 'veil as other European 
and U. S. companies. Piaggio, in part- 
nership with Douglas Aircraft Co., now 
is developing, under government spon- 
sorship. the 6- to 1 0-placc PD-S08. Pro- 
jected price of the PD-808 is about 
SiOO.OOO. 

As proposed by Macchi, the MB. 330 
would have a maximum speed of 516 
mph. at 19,700 ft. Cruise speed at 
34.4-10 ft. would be 435 mph. Maxi- 
mum range with normal fuel reserves 
is pegged at 1,243 mi. Service ceiling 
is estimated at 41.010 ft. 

The mid-wing aircraft, with its turbo- 
jets mounted on the aft fuselage sec- 
tion, would have a maximum gross 
weight of 10,144 lb., including a 4,872 
lb. payload. Takeoff distance over a 50 
ft. obstacle would be 2,756 ft., and 
landing distance would be 2,231 ft. 
Designed for certification under CAR-3 
specifications, the MB.330 would in- 
clude a rear fuselage luggage compart- 
ment with a volume of 37 cu. ft. Cabin 


would be pressurized to provide a cabin 
altitude of 8.202 ft. at the 34.440 ft. 
cruising altitude. 

Wing span would be 35.44 ft., with 
a total area of 212 sq. ft. Over-all length 
of the Italian aircraft would be 36.75 ft. 


INTERNATIONAL AIRPORT 
MIAMI 48, FLORIDA 


®°MII FLIGHT 

SIMULATOR 

Mandatory for accurate evaluation of guidance and 
control equipment 

Dynamic rate range 
over 1,750,000/1 
Unequaled perform- 
ance for large loads 
and low cost 

MODEL 





□ Acceleration exceeds 50,000° /sec 2 □ Maximum rate exceeds 
700°/sec □ Minimum rate less than 0.0004°/sec □ Available 
in earth and space coordinates. 

write or call for technical data 

CARCO ELECTRONICS 
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MANAGEMENT 


Lockheed Tops Defense Contractor List 


Washington— Gains in relative posi- 
tions were registered by nine defense 
contractors in the group ranking from 
10th to 20th of the top 100 companies 
who had prime contracts of S10.000 or 
more in Fiscal 1962. The first nine are 
the same, but the relative positions of 
the first four changed, with Lockheed 
Aircraft Corp. taking first place from 
General Dynamics Corp. 

These 100 companies did 72.5% of 
all defense business in Fiscal 1962. This 
figure has declined from 7-1.2% in 
Fiscal 1958. Decreased emphasis on air- 
craft and increased emphasis on such 
items as rolling stock and small Army 
equipment has allowed smaller (inns to 
capture a greater share of the defense 
business. 

The share of prime contracts dis- 
tributed among the first five companies 
declined from 26.3% in Fiscal 1958 to 
22.5% in Fiscal 1962. Likewise, the 
share of the first 25 companies declined 
from 57.8% to 50.8%, but the share of 
the companies ranking between 26 
and 50 has risen from 9.1 % to 12.6%. 

Mergers affected four companies. 
Ford Motor Co., which merged with 
Philco, jumped from 43rd to 20th. 
Philco had ranked 31st in Fiscal 1961. 
Ling-Tcmco-Vought now ranks 37th, 
while the predecessor Ling-Temco 
ranked 61st in Fiscal 1961 and Chance 
Vought ranked 36th. General Motors 
Corp. jumped from 19th to 10th. while 
the Chrysler Corp. remained in 27th 
place, even though its total billings in- 
creased from SI 58.2 million to $181. 5 
million. 

Litton Industries is in the 46th spot 
in Fiscal 1962, having been out of the 
first 100 before its merger with Ingalls 
Shipbuilding, which was S6th in Fiscal 
1961. Lear-Sicglcr now ranks 56th, 
while the previous year Lear. Inc. ranked 
60th and Sicgler Corp. was not in the 
first 100. 

One of the largest drops was suffered 
by International Business Machines 
Corp., which dropped from 1 2th to 
31st. Dollar volume dropped from S330 
million to SI 55.5 million. Completion 
of the SAGE air defense network ac- 
counted for most of this drop. 

White Motor Co. jumped from 89th 
to 46th, representing a dollar increase 
from S2S.7 million to S87.4 million. 

Two electronics manufacturers 
dropped. Hughes Aircraft Co. 
from lltli to 23rd, declining in dollars 
from $331.2 million to $234.2 million. 
Hallicrafters Co. skidded from 4Sth to 
99th, a drop from S68.9 million to 


$28.7 million. The Hughes drop ' 
due to phase out of some air-to-air n 
sile contracts, while Hallicrafters com- 
pleted contracts on electronic counter- 
measures. 

Following arc 100 companies and 
their subsidiaries listed according to net 
value of military prime contract awards 
for Fiscal 1962: 
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Your very own 
private eye 

There are 400 of them at Packard 
Electric. They're inspectors. 

squad of electronic sleuths, 
they close-check every inch of cable 
and wire that we produce (no small 
task ... we make more than 13 
million feet of cable alone every 
day), then report to management. 

y so? It's our assurance, 
and yours, that Delco Packard prod- 
ucts are as good as we say they are. 

Today— for jets, missiles and rock- 
ets— we produce all sizes and types 
of aerospace cable. Single or mul- 
tiple conductor. Different insula- 
tions, shieldings, jackets. To with- 
stand extreme heat, cold, abrasion 
and moisture. 

Got an aerospace wiring problem? 
Call the experts, Packard Electric. 
The home office is Warren, Ohio. 

BRANCHES: 988 So. Adams Road, 
Birmingham, Michigan, Midwest 6-4133, 
or 650 North Sepulveda Blvd., El 
Segundo, Calif., 772-2124. 
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MATERIALS TECHNOLOGY 



Improved metal-working techniques are continually being developed at Aerojet-General. For example, the 
microphotographs above show how hydrospinning (flo-turning and shear-forming are comparable terms) 
alters the microstructure of tungsten to increase its tensile strength and improve Its toughness during the 
forming of useful components. Figure (A) is a microphotograph of shear-spun tungsten, and (B). of unworked 
tungsten. This technique provides an inexpensive method for producing tungsten shields for solid rocket 
components — shields which cannot be obtained through more conventional forming methods. This is only 
one of the many techniques available to our engineers and scientists through the unusually extensive shop 
and laboratory facilities at Aerojet-General.® 

We invite you to participate in our challenging advanced research activities. 

Aerojet-General needs fabrication and materials research scientists with advanced degrees and unusually 
high levels of achievement in mechanical, chemical, and metallurgical engineering for currently evolving 
research programs. Your letter will receive prompt confidential attention. Write Dr. P. L. Nichols, Jr., 
Manager, Aerojet- General Solid Rocket Research, P.O.Box 1947— F, Sacramento, California. An equal 
opportunity employer. 


SOLID ROCKET PLANT / Sacramento, California 
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Scott put the LIFEGUARD on the 
Mercury Spacecraft 


The two-stage Scott regulator used to support the reac- 
tion controls system of the Mercury spacecraft played 
an important role in helping Astronaut John Glenn suc- 
cessfully complete his historic mission and return safely 
to earth. 

Scott’s part in NASA’s Project Mercury and the 
McDonnell spacecraft is indicative of the esteem prime 
contractors hold for Scott products. This reputation for 
quality, precision, and reliability has earned Scott a 


leading position in helping win the race for space. Scott 
leads the way, too, in the development of environmental 
control and life support systems for many of today’s 
advanced aircraft and weapons systems. 

Find out how Scott can help you meet the challenge in 
the air and in the space beyond. Send for your copy of 
the free booklet: "Preparing for Tomorrow — Producing 
on Schedule Today.” 


SCOTT AVIATION CORPORATION 


e: Fullon-Ventura Building, 13273 Ventura Blvl, Studio City, California 
T he Walter Kidde Company, Lid. 


SAFETY 


CAB Accident Investigation Report: 

Loss of Linkage Bolt Causes TWA Crash 


Trans World Airlines Flight 529, a model 
(M9 Lockheed Constellation, N 86511, 
crashed about nine miles west of Midway 
Airport, Chicago, 111,, on Sept, 1, 1961, at 
(1205 CDT, killing all 78 occupants. 

Tile flight originated at Boston, Mass., 
destination San Francisco, Calif., with in- 
termediate stops scheduled at New York, 
N. Y.; Pittsburgh, Penn.; Chicago, 111.; Las 
Vegas, Nev., and Los Angeles, Calif. The 
flight to Chicago was routine. 

A scheduled crew change was made at 
Chicago and the flight departed there at 
0200 CDT. Approximately five minutes 
later, during good weather, while climbing 
on the intended course, the aircraft experi- 
enced loss of longitudinal control and 

All occupants died instantly and the 
aircraft was completely destroyed. 

Investigation disclosed that a 5/16 inch 
AN-175-21 nickel steel bolt from the el- 
evator boost mechanism was missing. There 
was evidence that the bolt was not in place 
at the time of impact. The proper position- 
ing of this bolt is vital to the control of 
the aircraft and must therefore have been 
in place until immediately prior to the loss 
of control. 

Tire Board determines that the probable 
cause of this accident was the loss of an 
AN-175-21 nickel steel bolt from the par- 
allelogram linkage of the elevator boost 
system, resulting in loss of control of the 

Investigation 

At approximately 0205.' Sept. 1. 1961. 
a Trans World Airlines Lockheed Constella- 
tion 059. N 86511, crashed approximately 
nine miles west of Midway Airport. Chi- 
cago. 111., following takeoff from Midway 
Airport. The crew of five and all 78 pas- 
sengers were fatally injured. 

TWA Flight 529 was a scheduled flight 
originating at Boston. Mass, with inter- 
mediate stops at New York. Pittsburgh. 
Chicago. Las Vegas, Los Angeles, and ter- 
minating at San Francisco. Calif. 

Discrepancies noted prior to the Boston 
departure were an inoperable white naviga- 
tion light located in the aircraft’s tail cone, 
and a leaking fuel drain valve on the No. 
8 main fuel tank sump. These two dis- 
crepancies were corrected by the ground 
crew prior to the flight’s departure from 
Boston. One carry-over discrepancy from 
the previous flight was a malfunction of the 
cabin refrigeration system during ground 
operation. Since this was not considered 
necessary to the safety of flight, it was 
carried over to prevent a delay at Boston. 
Because of this discrepancy, the cabin was 
nnpressnrfeed during elimbont until reach- 
ing 6.000 ft., at which time the cabin 


was pressurized to the field elevation of the 
next stop. This procedure was repeated 
after each en route stop to cool the cabin 
for passenger comfort. 

The flight from Boston to Midway Air- 
port, Chicago, was routine and it arrived 
there at 0118. 

The crew originating the flight at Boston 
terminated their portion at Chicago. The 
new crew consisted of Capt. James II. 
Sanders, First Officer Dale Tarrant, Flight 
Engineer James C. Ncwlin. and Steward- 
esses Barbara Jane Pearson and Nanette C. 

The incoming captain and flight engineer 
briefed Giptain Sanders and Flight Engi- 
neer Ncwlin on the carry-over discrepancy 
and it was agreed that the aircraft was 
airworthv. At Midway, oil and fuel were 
added. Total fuel on board at departure 
was 8.240 gal. The gross takeoff weight 
was 94.794 lb.— well below the maximum 
allowable gross takeoff weight of 96.000 
lb., and the center of gravity was within 
allowable limits. A flight plan to Las Vegas 
was filed for the flight in accordance with 
Instrument Flight Rules (IFR) via Victor 
Airway 8 to Akron. Colo.. Victor Airway 
1512 to Krctnmling, Colo., Victor Airway 
1 522 to Mormon, Nev.. and Victor Airway 
8-North to las Vegas. The estimated time 
en route was 6 hr. and 23 min., at a true 
airspeed of 223 kt. 

When the aircraft departed the passenger 
loading gate, Captain Sanders was observed 


by a TWA passenger agent to have been 
seated in the left seat. 

During engine runup, Flight 529 was 
given its air traffic control clearance which 
was: "cleared to the Las Vegas Airport via 
Victor 6 Naperville, Victor 8 flight plan 
route, maintain 5,000 ft.” The clearance 
was acknowledged correctly and TWA 
Flight 529 departed on runway 22L at 
0200, making a right turn out of traffic. 

The 0200 Midway Airport weather was: 
scattered clouds at 10,000 ft.; high over- 
cast, visibility three miles in haze and 
smoke; wind south eight knots. The Chi- 
cago O'Hare Airport weather at 0200 was: 
partial obscuration; scattered clouds 15,000 
ft.; high overcast; visibility two and one- 
half miles in ground fog and smoke: wind 

Radar contact was established with the 
flight 1 min and 34 sec. after the flight 
acknowledged takeoff clearance and as the 
aircraft proceeded outbound in a right turn. 
At 0204. Flight 529 was observed on radar 
by the departure controller to be fisc miles 
west of Midway Airport proceeding on 
course. Northwest Airlines Flight 105 w-as 
cleared for takeoff on runway 22L at Mid- 
way, and took off immediately. Tire ground 
controller observed a flash west of Midway 
Airport at this time and asked Flight 105 if 
he had seen a flash. Flight 105 advised 
that they had seen a flash fire and would 
fly over the area. As Flight 105 reported 
over the fire, the radar range was noted 
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t periodic overhauls, each 1 


' Astrojet — costing more than 
10 — is stripped down^practically every part inspected, 
' and returned to duty — all in an amazing five days. 
job of American's great maintenance base at Tulsa — all 
■vard the ultimate in passenger service and safety of 
ient scheduling and accurate up-to-date inventory control 
idation of American’s Astrojet overhaul program success, 
vast materials-in-process inventory and withdrawals or 
issues from stores, is accomplished by continuous reports, as the 
action occurs, from Stromberg TRANSACTER input stations. The 
result — material is available at the right place as needed — with 
a minimum of inventory investment. Accurate reports of labor skills 
required, work load and job status, quality control and other vital 
source data is transmitted through the TRANSACTER Data Col- 
lection System for instant processing and management decisions. 
Thus, the Stromberg TRANSACTER System helps American Air- 
lines maintain its position as one of the world’s great air carriers. 
Write for informative brochure No. DS8 


STROMBERG' 

GENERAL TIME CORPORATION 






CRUCIAL SYSTEMS CHALLENGES OF THE Ws 



How to Inform the Military Commander 


Today's decisions at the highest level of military command 
require a range, precision and speed of communication and 
information processing beyond virtually anything conceivable 
in the past. Further, optimization of the electronic portion of 
a command control system cannot be considered independ- 
ently of the capabilities of the ultimate, human decision- 
maker in the chair of command. 

A good case in point is the SAC global command and control 
system 465-L, for which ITT International Electric Corpora- 
tion carries systems development, design and management 
responsibilities. In order to further multiply the effectiveness 
of the military commander, faced with the crucial task of 
assimilating vast quantities of information projected on the 


screens before him, ITT engineers and scientists recently 
added a remarkable new capability to 465-L: data presenta- 
tion in color. 

Operating at speeds that appeared incredible only a short time 
ago. the system enables computer outputs to be converted to 
alpha-numeric form... photographed... developed and pro- 
jected on control center screens in as many as 7 colors in a 
matter of seconds. 

This new capability opens up a whole new field of data format 
techniques to be explored. An obvious and immediate value- 
is the enhancement of human perception through color 
changes denoting differing degrees of situation criticality. 


OPPORTUNITIES IN MANY COMMAND AND CONTROL AREAS NOW 
OPEN TO SYSTEMS ENGINEERS AND SENIOR PROGRAMMERS 

Many of these positions are on 465-L. Other opportunities relate to large-scale commercial digital communication systems 
oceanic systems, and satellite control. Your inquiry about any of the positions listed below will receive immediate attention 


PROGRAMMERS/ANALYSTS. For real-time programming analysis and 
development. Broad activities encompass advanced programming sys- 
tems, including special color display routines: diagnostic programs: 


INFORMATION SYSTEMS ENGINEERS. For design of 






OPERATIONS ANALYSTS. To establish systems requirements in satel- 
lite control, air traffic control, ASW and command/control. Also, as- 
signments In man/machlne communications and information retrieval. 


DIGITAL SYSTEMS ENGINEERS. Engineers with management ability 
to direct subsystems engineering effort on a global command/control 
ing systems, data display and multi-scquencing techniques. 


SYSTEMS IMPLEMENTATION ENGINEERS. 

positions for installation and integration of 


mmunicatioivdisplay.com. 
id refinements. Also, field 


Write fully in strict confidence to Mr. E. A. Smith, Manager of 
Employment, 'Boa 19-WY, ITT-International Electric Corporation, 
Route 17 and Garden State Parkway, Paramus, New Jersey. 


ITT 


INTERNATIONAL ELECTRIC CORPORATION 


together with the bushings, were checked 
for roundness and found to be within tol- 
erance. The bore was in excellent condi- 
tion, although there was a slight btincll 
mark on the circular end of the link on the 

At impact, the four powcrplants broke 
loose from their aft structure and their 
components were widely scattered in the 
wreckage area. The nose sections, with pro- 
peller hub dome assemblies still attached, 
were found a few feet ahead of each engine 
nacelle impact crater. Readings taken from 
the propeller dome settings and the pro- 
peller blade shim plates indicated that the 
propeller blades of each engine were set 
at an angle of from 29 to 20 deg. at the 
time of impact. Tests of the propeller gov- 
ernor components from each engine re- 
vealed a range of approximately 2.450 to 
2,525 rpm. at impact. There was no evi- 
dence of any operational failure or malfunc- 
tion of any engine or propeller component. 
Major Repairs 

N S6511 was delivered to TWA in 
December, 1945, and had accumulated 
43,112 hr. at the time of the accident. In 
addition to the routine major and base over- 
hauls, there were two major repairs accom- 
plished. The last repair was performed by 
the Lockheed Aircraft Corp. in the spring 
of 1951, and the aircraft had accumulated 
approximately 33,000 hr. since this repair. 
In January, 1958, the center rudder was 
replaced because of bad fabric. A base 
overhaul was accomplished at TWA's Kan- 
sas City base in May, 1959, at which time 
there was a routine replacement of the 
boost control units. The last base overhaul 
was performed during November, 1960, at 
which time an elevator boost control re- 
placement kit was installed. This kit in- 
cluded a parallelogram assembly and, there- 
fore, the installation work required the 
removal and rcinstallation of several bolts, 
including the AN-175-21 which connects 
the P/N 290790 link assembly with the 
lever arms. The last detailed controls in- 
spection was made during the last sched- 
uled periodic checks on Aug. 7, 1961. 
These periodic checks included a visual 
inspection of the control components. All 
daily and turnaround inspections for August 
were accounted for. 

Levels of carbon monoxide saturation 
in the tissue specimens of crew members 
were found to be less than 10%. the ac- 
cepted high limit of normal: no alcohol was 
found. Tissue specimens of passengers re- 
vealed even lower levels of carbon monoxide. 

There can be no doubt that the AN- 
175-21 bolt was missing from the paral- 
lelogram assembly when the elevator boost 
package was first examined. The problem 
demanding solution can be stated as fol- 
lows: Was the bolt extracted by impact 
forces, or was it missing from its installed 
location prior to the crash? 

First, to discuss the possibility of the 
bolt being tom out on impact, the geom- 
etry of the system is such, and the resultant 
post-accident orientation of the parts was 
such that there could be only two ways to 
remove the bolt: (1) in double shear by 
displacing the P/N 290790 link assembly, 
and (2) by tensile load caused by spread- 


ing the P/N 29I0SVL and R arm assem- 
blies against the head and nut of the bolt. 

The double shear possibility can easily 
be eliminated. There was no elongation of 
either arm assembly bushing; contra to 
elongation, the bushings were out-of-round 
by less than 0.2%. The fact that the bolt 
was missing is further proof that it was not 
sheared, since the ductility of the steel bolt 
and the bushings would allow sufficient 
deformation before fracture to seize the 
bolt sections. 

The only remaining method of bolt 
removal on impact would be to place it in 
tension. The resulting failure would be 
either bv tensile failure of the bolt or 
removal of the nut by thread strippage or 
by splitting the nut. If a shear nut were 
used, as a TWA witness testified, the thread 
strippage would be the more likely possibil- 
ity. Since this requires the lesser tensile 
force, it is assumed that a shear nnt was 
used in the installation and, thereby, the 
following argument is conservative. 

The failure loads of the bolt assembly 

Load, lbs.’ 

AN-175-21 bolt— yield 4.890 

AN-175-21 bolt — ultimate 6.500 

AN-320-5 nut — ultimate 3,250 

AN-380-2-2 cotter key- 

ultimate 210 

Since the cotter key failure load is low 
in comparison to the others, its additional 
strength to the system can be ignored with- 
out apprcciablv altering the results. It can 
be seen that the nut would fail well before 
the yield point of the bolt is reached: there- 
fore, the load of concern here is 3,250 lb. 
Boost Package Geometry 

Recalling that there were two heavy de- 
posits of thick grease on the outboard face 
of the left arm assembly, it is now possible 
to calculate the pressure which would be 
applied to the surface of the deposit if the 
bolt assembly be placed in tension to the 
failure point. The geometry of the boost 
package assembly is such that the only way 
to place the bolt in tension is to spread the 
two lever arms apart, either in bending one 
or the other outward or in translating one of 
them away from the other. Either action 
places the outer face of the left bushing into 
contact with the bolt head, or it clamps 
between the bushing and the bolt head any 
object (washer and/or grease) in this path 

If the grease deposit originally covered the 
entire bushing surface, as it probably did, 
the pressure would be 28,300 psi., an 
enormous amount of pressure to be with- 
stood bv a substance with the consistency 
of modeling clay. Since the grease, under 
pressure, could be extruded radially through- 
out 360 deg., both toward and away from 
the bushing center, the fact that the deposit 
was still 0.10 in. or more deep is proof 
sufficient that no such pressure, or any 
appreciable fraction thereof was applied. 

Because of the geometry and dimensions 
of the system, the gouges and scratches 
referred to earlier could have been made 
only after the holt was extracted, releasing 
the link assemble. It was further noted that 
the chatter marks on the inner surface of 
•These are tensile loads on the assembly^ 
threads, and double shear on the cotter Icey. 
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VAP-AIR POWER 
TRANSFER SWITCH 

The power transfer switch shown was d 
resTlfc 

e pad. 1 , , 

tion and the radial design provides 

resistance to shock, vibration and acceleration. 
Wiping action assures positive electrical 
contact. Extremely low torques rotate the 
carriage, permitting a smaller motor and 
lower minimum operating voltage . . . pro- 
vide shorter transfer time and higher contact 
force with lower millivolt drop. Up to 200 

^ap- Air's extensive facilities and outstand- 
ing group of experienced technical personnel 
oner unusual capabilities in developing and 
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80 E. Jackson Blvd., Chicago 4, Illinois 
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College graduates are penetrating more and 
more into industry. Now 58% of the graduates 
of men’s colleges land jobs directly on the 
corporate payroll. 

Business gets the lion’s share of the college 
product because business needs it and can pro- 
vide challenge and opportunity to the oncom- 
ing classes. About 88% of executive posts in 
business are held by college alumni, according 
to a recent study of the 100 largest corpora- 

Business always will need the college-trained 
mind for the brainpower that management re- 
quires and the brainwork that research and 
development demand. Competition by busi- 
ness for the ablest graduates grows sharper 
every year. 

But the cost of leadership is going up. The up- 
ward surge in our birthrate, plus a rapid rise 
in the percentage of high school students go- 
ing on to college, has caught colleges in a 


financial squeeze. Some face serious shortages 
in classrooms, laboratories, libraries and, 
above all, in competent teachers. 

Corporate support of higher education in ten 
years has risen substantially to more than 
$200 million for 1962. By 1970 this investment 
in educated manpower will need to reach $500 
million annually if business wishes to insure 
the continued effective operation of the 
sources of supply. 

College is business' best friend, certainly. But 
business recognizes that it must give as well 
as get. Higher education needs financial help 
and needs it now. Business should re-examine 
its needs and plan its support accordingly. 


If you would like factual data on what the college 
crisis means to you, to business and to the nation, write 
for the free booklet: "COLLEGE IS AMERICA'S BEST 
FRIEND", c/o Higher Education, Box 36, Times Square 
Station, New York 36, N. Y. 



SUPPORT THE COLLEGE OF YOUR CHOICE 

Published as a service in cooperation with The Advertising Council 
and the Council for Financial Aid to Education. 
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currently with the indentations on the bush- 
ings, nor could the indentations on the two 
bushings have been made simultaneously. 
There occurred at least four individual 
actions, three on the right bushing and one 
on the left, plus the multiple clutter marks 
shown on the arm assembly. 

Bolt Movement 

Indications are that at some earlier time 
the bolt may have moved to a point where 
its end was about two-thirds into the bush- 
ing of the right arm of the lever assembly. 
7 his would provide some protection to the 
two-thirds of the bore, but expose the outer 
one-third to the atmosphere, allowing it to 
corrode. The thread marks at the inner 
one-third of the bore further indicate a 
partially displaced bolt. The thread im- 
pressions could not be made in this portion 
of the bore while the bolt was in a normal 
position. 

In order for grease or any other material 
to build up on the outer surface of the left 
arm assembly hushing, there obviously must 
he a gap between the bushing and the bolt 
head (or washer). There arc probably many 
wap to cause this gap but. in any case, 
regardless of initial cause, the nut must be 
loose by at least the number of threads 
equivalent to the maximum thickness of the 
grease. 1/64 inch. 

'Hie heavy deposit and the splatter in 
the vicinity of the left hushing appeared to 
have come, in the main, from the bushing 
bore, having been splattered out of the 
bushing by the loose, chattering holt. In 
coming out. the oil or grease would have 
struck the bolt head (or washer) and been 
deflected radially. That portion depositing 
itself between the bushing and the bolt 
head (or washer) would have been packed 
down by motion of the bolt. The fact that 
no such deposit or heavy splatter existed at 
the other hushing would indicate that dnr- 
ing a considerable period of time the nut 
was not in place, thus allowing oil to eject 
from the bushing and fall free. 

CAB Hearing 

Prior to the Civil Aeronautics Board 
public hearing there existed a question of 
iiow the grease deposit showed the hexa- 
gonal outline of a bolt head when Lockheed 
Aircraft Corp. drawing No. 209855 calls 
for two washers, one at the head of the holt 
and one at the nut. It was evident that a 
washer had been present at one time because 
one had left its impression on the lever arm 
and could be seen after the grease was 
cleaned away. If the installation were made 
according to the LAC drawing, the hexa- 
gonal pattern could not have been present 
since an AN-960-516 washer has a greater 
diameter than the head of an AN-175 bolt. 
This apparent anomaly was cleared at the 
hearing when a TWA mechanic testified 
that because of tolerance variations, it was 
not always possible to secure the nut if a 
washer is installed under the bolt head. In 
such cases the washer is removed and the 
installation made without it. The Board 
docs not suggest that this is an unsafe prac- 
tice. but it clocs explain how the shape of 
a holt head could he seen in the grease pat- 
tern. It is dear that a washer was used at 
this point on at least one previous parallelo- 
gram installation, but not on the one in- 
stalled in November, 1960. 


'The TWA mechanic further stated in his 
testimony that he installed the repair-kit 
linkage at the last base overhaul in Novcm 
ber, 1960. lie also said, "1 am sure all 
bolts were installed, properly torqued. and 
safetied . . . : but subsequentlv added, "I 
do not remember specifically working on 
Plane 555 . . 

Since it has been shown that the AN-175- 
21 bolt was missing from its normal loca- 
tion at the time of impact, it becomes 
necessary to discuss the effect on the aircraft 
when the bolt is removed. 

Pilot input moves link BC (see drawing) 
up or down which pivots link EDC as a 
walking beam about point IT. causing point 
E to move down or up. This positions the 


control valve spool which is connected at 
point E. Elevator input moves link AD 
up or down which, in turn, pivots link 
EDC about point C. 'This action also posi- 
tions the control salve spool. It should be 
noted that pilot and elevator inputs in the 
same direction are subtractive and inputs in 
opposite directions arc additive to the salve 

P lf the AN-175-21 bolt at point A be 
removed, no support for the parallelogram 
is provided by link AD, and link EDC is 
free to pivot about point C. Since the 
valve is mounted in a near-vertical position, 
the weight of links AD and EDC and the 
weight to the spool are applied in the direc- 
tion to move the spool toward up-clesator. 
to be resisted only by the friction in the 
sals*c and at points C and E. the total of 




for instance: 

Production: More work ond less power consumption 
of o Miller Gold Star SR con quickly cancel out 
the original cost. 

Quality: The high-quality plus high-speed work 
equation is precisely where the Miller welder 
"profit line” reputation was born. 

Reliability: Sound design, honest components 
and true craftsmanship round out the Miller welder 
story of minimum maintenance, reduced down 
time ond long welder life. 


For the whole story of "What Does a Welder Really Cost?" 
contact any of the Miller representatives listed 
in the Yellow Pages, or mail this poge with your name 
ond address to the company, 

Hi 1 1 1© I* ELECTRIC MANUFACTURING CO. • APPLETON, WISCONSIN 
EXPORT OFFICE: 3 West 57th Street, New York 19, N.Y. 
Distributed in Canada by Canadian liquid Air Co., Ltd., Montreal 
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Systems Analysts & 
Preliminary Design Engineers 
for Advanced Space Guidance 
& Control Systems 


Rapid expansion of space con- 
tracts, projects and studies at the 
HUGHES Aerospace Divisions in 
Southern California has created 
unusual opportunites for several 
qualified Engineers, Physicists 
and Mathematicians for Advanc- 
ed Space Systems assignments. 
Space-mission openings are avail- 
able in the following areas: 

* INTERPLANETARY GUID- 
ANCE & NAVIGATION 

■ TRANS-LUNAR GUIDANCE 
& NAVIGATION 

■ EARTH ORBIT NAVIGATION 

■ RENDEZVOUS & RE-ENTRY 
GUIDANCE 

Current requirements include: 
Guidance & Navigation 
System Synthesis 

To study and develop guidance 
and navigation equations and 
techniques; make feasibility and 
error analyses; establish subsys- 


tem and component require- 
ments; conduct system prelimi- 
nary design; plan inertial, optical 
and electro-magnetic instrumen- 

Control System Synthesis 

Toanalyzecontrol system require- 
ments for various space vehicles; 
establish subsystem and compo- 

tem preliminary design; study 
measurement instrumentation 
and torque-producing equipment. 

Simulation 

To plan digital simulation for 
studies related to earth orbital, 
trans-lunar, interplanetary and re- 
entry trajectories; analog simula- 
tion of rendezvous guidance and 
control systems. 

Applied Mathematics 
Space mathematics applications 
related to orbit determination, tra- 


jectory analysis, Optimization pro- 
cedures, perturbation theory and 
space mechanics. 

If you hold an accredited Engi- 
neering, Physics or Mathematics 
degree, are a U. S.citizen and feel 
that you are qualified by interest 
and experience in one or more of 
these areas, please airmail your 
resume to: 

MR. ROBERT A. MARTIN 
Head of Employment 
HUGHES Aerospace Divisions 
11940 W. Jefferson Blvd. 

Culver City 41, California 
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which is negligible. Any friction above 
the norm, it would be overcome by vibration. 

As soon as the valve spool ports fluid to 
the up-elevator side of the actuator, the 
elevator will start to move up, positis'e 
normal acceleration is applied to the air- 
craft which will drive the spool lower; more 
lip-elevator pressure, more acceleration. It 
may therefore be seen that the entire 
operation from bolt extraction to maxi- 
mum up-clcvator hinge moment is almost 

No Pilot Input 

Further reference to the sketch shows 
that there can be no pilot input to the valve 
to counteract the action since the parallelo- 
gram can no longer pivot at point D. Input 
applied by the pilot is only carried through 
the mechanical linkage. The mechanical 
advantage of the system is far too low to be 
effective against the full pressure in the 
boost actuator. In a study’ of the Con- 
stellation boost systems, it was pointed out 
that the systems will develop approximately 
S.s times more hinge moment with boost 
on than with boost off. This factor is even 
greater with the above-described malfunc- 
tion because the pilot does not have the 
added mechanical advantage gained by shift- 
ing to manual position. 

The only effective pilot action is to shift 
the elevator system to manual. Tin's shift 
accomplishes three things: 

• Closes the boost ent-off valve. 

• Opens the bypass valve at the actuator; 
and. 

• Changes the mechanical advantage of the 
direct pilot-to-elevator linkage. 

Therefore, it would appear that recovery 
from such a malfunction would be a simple, 
straightforward operation. There is a 
peculiarity of the svstem which can intro- 
duce a severe problem. That function of 
the shift-to-manual operation which changes 
the mechanical advantage of the svstem 
has the effect of lengthening the connecting 
svstem between the control column and the 
elevator torque arm. That is. the portion 
of mechanical linkage upstream of the shift- 
ing area (dual link rodl tends to move the 
control wheel aft. and that portion down- 
stream tends to move the elevator down- 
ward. If the two hvdraulic valves had 
operated propcrlv. and there was no evidence 
in this case that thev would not have, the 
elevator would have been free to move down- 
ward assisted hv airload hinge moment; 
however, if there had been no forward pres- 
sure on the control column, the column 
would have been free to move aft. and the 
shift to manual could have been completed. 
Forward Pressure 

If. however, the crew had applied forward 
pressure on the column while trying to shift, 
the shift would have become increasingly 
difficult in direct ratio to the amount of 
forward pressure. 

The elevator has boost-on limits of 40 
deg. up and 20 deg. down, but is further 
limited with increasing airspeed hv boost 
hinge-moment maximum of 40.000 to 
54,000 in. -lb. In the manual position, 
elevator deflection is reduced to 16 deg. up 
and 6 deg. down because of the increase in 





mechanical advantage. Therefore, if shift 

more than 1 5 deg., it must be at or less than 
1 6 deg. before the shift can be completed. 

From this description of the system it 
can be seen that if the pilot responds norm- 
ally to a stall, the following describes the 
events which will occur when the AN-175- 
21 bolt w-orks out of tile parallelogram: 

• When the bolt comes out the weight of 
the spool and two of the parallelogram links 
cause full pressure to be applied to the up- 
elevator side of the actuator. 

• The elevator travels up to its maximum 
hinge-moment. For the speed at which 
this aircraft was assumed to be operating, 
this would be less than 40 but greater than 
16 deg. 

• The aircraft enters on an accelerated stall. 
As this stall decays toward a primary stall, 
the elevator angle increases to 40 deg. 

• The captain or first officer, or both, would 
normally apply high forward pressure on the 
control column in an attempt to get the 
nose down, 

• While this forward pressure is being ap- 
plied. the crew attempts to pull the shift 
handle. 

• With the elevator at its maximum deflec- 
tion f maximum hinge-moment or 40 deg., 
depending on speed) and held there by full 
hvdraulic pressure and with forward (nose- 
down) force on the column, it becomes 
difficult, if not impossible, to move the shift 
handle far enough to operate the shutoff 
and/or the bvpass salves. 

• With the aircraft stalled, or executing a 
series of stalls, even though altitude is being 
lost, the nose must be lowered to effect 
recovers': hence, increased forward force re- 
sults in a higher force required to pull the 
shift handle. 

• Accelerated stall vibrations may cause 
empennage or rear fuselage damage. It will 
be shown later how accelerated stall is the 
known result of bolt extraction, and struc- 
tural damage is a possible result of aecelcr- 

Elevotor Position 

There can be no doubt in the subject case 
that the elesator was at the 40-deg. up 
position at some point during the empen- 
nage failure. The right outboard closing 
rib was crushed by, and left its impression 
on, the fin and rudder. Matching the parts 
showed dearly the 40-dcg. elesator position. 

Following several accidents involving 
N'avv R7V and Air Force C-121 aircraft 
(1049 models), the Air Force contracted 
with Ling-Tcmco to conduct an analvsis 
of the Constellation elesator system. The 
Temco report indicates that when the shift- 
ing system ssas tested on a mock-np svith 
simulated airloads, shift operation could not 
always he completed svhen 100 or more 
pounds of stick force ssas applied, or. if 
completed, it svas done svith high pull forces 
on the shift handle. 

Folloss-ing the fatal accident of a Navv 
R7V at Taft. California, on Mas- 14. 1958. 
Lockheed Aircraft Corp. conducted similar 
tests and issued LAC Report 15142. Tin's 
report shows that svith extreme elesator 
deflections, shifting cannot be accom- 
plished if it is resisted by large control forces. 
The report states, in part: 

"A study of the curves reveals the marked 
effect of column forces on shift force, but 
also that there is a reasonable amount of 
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Medicine; RF Equipment; Astrophysics; Communications 
Analysis; Aerophysics; Tracing, Telemetry, Command Engi- 
neering; Weapons Effects; Operations Research; Theoretical 
Physics; Radar Systems; Dynamics (Flutter, Aeroelasticity); 
Thermodynamics; Flight Test; Guidance and Control. 

Write: Mr. E. W. Des Lauriers, Manager, Professional 
Placement Staff, Dept. 1101, 2406 N. Flollywood Way, 
Burbank, California. An equal opportunity employer. 


LOCKHEED 

CALIFORNIA COMPANY 
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Aeronautical Engineers : 

^on advanced, aircraft concepts 


Join the TRECOM team 







These positions offer both challenge and reward 
to men interested in analytical research studies 
on helicopters and other V/STOL aircraft. Work 
will be extremely varied and will include prelimi- 
nary evaluations of novel configurations, as well as 
objective long-range studies on the design and 
operation of all types of V/STOL aircraft. 
Corporate-sponsored and with strong management 
backing, this program offers both personal security 
and advancement opportunities to outstanding 
men with M.S. degrees or directly applicable 
experience. 

Facilities include one of the nation’s largest in- 
dustrial computational laboratories. Educational 
opportunities under a corporation-supported pro- 
gram are available. Publication of technical papers 
is encouraged. 

Write today to Mr. E. F. Ciriack . . . 
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ADAPTIVE FLIGHT CONTROLS 

. . . among the more than 500 R&D programs under way at Douglas 


Douglas is developing adaptive control systems 
for a wide range of vehicles from atmospheric 
anti-ICBM missiles to space craft designed for 
interplanetary missions. 

Digital and analog computers are being 
employed to process vehicle flight parameters 
and vary control system parameters to obtain 
optimum response. Adaptive schemes use 
advanced mathematical techniques (e.g.— the 
second method of Liapunov). Complete non- 
linear system simulation is accomplished on 
the analog to digital— digital to analog facility. 

Hot gas servo systems and high pressure 
(6-20,000 psi) light weight hydraulic servos are 
currently in the process of being developed for 
use with this program. 

Of career interest to engineers and scientists 
The foregoing is only one of many areas in 
which Douglas offers stimulating assignments 



which will lead to professional advancement. 

Expanded research activity plus a wide range 
of vital current aerospace programs like Saturn 
S-IVB and Zeus allow Douglas to offer su- , 
perior career opportunities in a great variety 
of disciplines. There are prime openings at all 
degree and experience levels, including many 
for executive personnel. 

Send us your resume or fill out and mail the 
coupon. Within 15 days from the receipt of 
your letter, we will send you specific informa- 
tion on opportunities in your field at Douglas. 


DOUGLAS 


E SYSTEMS DIVISION 
opportunity employer 


Mr. W. C. Ames 

ssssssf 


At 





LUNAR LANDING 
AND RENDEZVOUS 
PROGRAM OFFERS 
ENGINEERS & 
SCIENTISTS 
THE GREATEST 
TECHNICAL CHALLENGE 
OF OUR TIMES 


The selection of Grumman to design, develop 
and fabricate the NASA Lunar Excursion Module 
(LEM) which will be used to achieve the Apollo 
program's goal of landing astronauts on the 
moon, opens a new chapter in the conquest of 
space. Boosted by a three-stage Saturn C-5 
vehicle, the Apollo spacecraft will enter lunar 
orbit and LEM will separate from the spacecraft 
to begin its epoch-making descent to the 
lunar surface. 

Later, it will launch itself back into orbit and 
rendezvous with the Apollo Command and 
Service Modules permitting the lunar astronauts 
to return to earth, while the LEM is jettisoned 
into lunar orbit. 

The Lunar Excursion Module and other space 
programs at Grumman are creating unprecedented 
professional opportunities at the company. 

Make 1963 a year of personal achievement in an 
endeavor that ranks among the greatest of all 
times. Current requirements are detailed on the 
next page. We invite your inquiry on the attached 
inquiry form or by personal resume to Mr. W. 
Brown, Manager Engineering Employment, 

Dept. GR25. 


w* 
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AIRCRAFT ENGINEERING CORPORATION 
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DEVELOPMENT ENGINEERS 

FOR REACTION CONTROLS 





Immediate openings for supervisory 
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HUGHES TOOL CO. 



An «qual^ opportunil^ a «mploypr. 



DESIGN ENGINEERS 



Mass 

Spectroscopist 

An immediate opening exists for a chemist in materials 
and process engineering department with primary 
assignment to the Apollo environmental control system 
program. Duties consist of consulting, experimental 
testing and spectrographic analysis. 

Assignment involves studies of breathing gas contami- 
nants, calibration of inflight instruments, testing of 
materials and measurement of degradation products in 
toxic or noxious substances, quality control of supplies, 
lubricants, polymers, etc. Available equipment consists 
of CEC 21-103C, B-IR 9 and P.E. 154L. 

Must have degree in chemistry or physics. Advanced 
degree with minors in physics and physiology with 
special courses in spectrophotometry is very desirable. 

Must have a minimum of 5 years experience in mass 
spectroscopy, preferably in the field of gas analysis. 
Additional experience is desirable in general chemical 
laboratory, organic chemistry, trace compound detec- 
tion in gases, chromatography and infra-red analysis. 
Should also have the capability of making or supervising 
minor equipment repairs. 

Garrett is an equal opportunity employer. 

Please send resume to T. E. Watson, Dept. 2 



AIRESEARCH MANUFACTURING DIVISION 

9851 South Sepulveda Blvd., Los Angeles 9, Calif. 
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EROSPACE CENTEf 




OGO EGO POGO 


Meet OGO, the curious-looking object you see above. 
Actually, OGO is the family name; it stands for Orbiting 
Geophysical Observatory. There are two members of the 
OGO family: EGO (Eccentric Geophysical Observatory) 
and POGO (Polar Orbiting Geophysical Observatory). 
EGO’s purpose is to gather and transmit data on 
energetic particles and other geophysical phenomena. 
It will be launched into an eccentric orbit by an Atlas- 
Agena B vehicle from Cape Canaveral late next year. 

POGO will be boosted into a polar orbit by a Thor- 
Agena B from the Pacific Missile Range in early 1964. 
Its assignment will be to send back information about 
the atmosphere and ionosphere, particularly over the 
North and South Poles. 

If you are an engineering or science graduate with one 
or more degrees from an accredited college or university 
and appropriate experience, you may qualify for partic- 
ipation in history-making projects such as these. 


Right now NASA Manned Spacecraft Center in Houston, 
Texas, has several key openings. They include: 


□ Electrical or Electronics Engineers, with experience 
in radar RF systems, telemetry or other missile tracking 
systems; 

□ Senjor Electronic Engineers to analyse and recom- 
mend instrumentation programs; 

□ Flight Systems Engineers, experienced in the use of 
analog and digital computers, to solve flight operations 
and other research and development problems; 

□ Aerospace Engineers, experienced with flight simu- 
lators in the training of test pilots and ■ 
flight personnel. Pilot experience is " 
also desirable. 

Send a complete resume to: Mr. J. 

Galloway, Dept. SHC, NASA Manned 
Spacecraft Center, Houston 1, Texas. 
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TO MEN WHO CAN LOOK DEEP INTO TOMORROW 


SENIOR POSITIONS 
ARE OPEN NOW IN 




men with vision at Bell Aerosystems 
Co. This growing organization today 
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IBM 

Systems and 
Scientific 
Programmers 
& Analysts 


Explore excellent career assignments 
available with IBM’s Federal Systems 
Division. Total systems development 




Searchlight Section 

BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE 

Ih d OISPIAYEO^ RATE: ^ ^ ^ ^ UNDISPUTED RATE: 

AN* ADVEItTl'siNO°INCH a 'measured % Inch vnrtl- P 01 """"' <oul " 5 wordc 

colly on one column, 3 columns — 30 inches — to o PROPOSALS, $2.70 a line an insertion. 

fou'lPMENT WANTED or FOE SALE^ ADVERTISE- SOj( NUMBERS count os one line additional In 

Exhaust Systems and Related Components 

^ ^ AVAILABLE FROM DOCK ^ 
OVERHAUL SERVICE 

A & J MACHY. CORP. 

130J2 JACKSON ST, ^BROOKLYN 11. N. Y. 
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DOUGLAS C-47 

WANTED 

stair door 1830-75 or -94 engines. 
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Joys of Travel 

Before you lay away your cudgel fo 


, for the nameless 


< raised in (he 
run a. Aildreu 
i Week. 


I.. New York 36. 1 
■rs under 500 i 


strategy, wc must first 
scope of the challenge 


ot >>3 jet passengers boarding Greyhound 
buses for a 17-hr. ride, Salt Lake-Sail Fran- 
cisco, a few nights ago during San Fran- 
cisco's fog siege. Surely in this day of Mach 
3 jet transports, orbital flights and all tire 

we are ill treating our best friends. 

In 1936-1937 1 was copilot for Capt. R. T. 
Freng at OAK when wc routinely made 

using the then primitive 1LS system. Of 
course, OAK then had an infinitely long 
(6,000 ft.) runway. Even then our mini- 
re 300-1; and now almost 27 years 


Captain 

United Air Lines 

San Francisco. Calif. 

Save the 70! 

Being an avid student of aerospace power 
and national defense policy, 1 must say that 
Defense Secretary Robert S. McNamara is 
plotting a very strange and seemingly unreal 
course in regards to our national security. 
He has given official sanction to the Doc- 
trine of Controlled Response with its Corol- 
laries of Countcrforcc Retaliation and Con- 
ventional Options. This policy is a heroic 
attempt to remove the dangers of nuclear 
war from the civilian population of our 
cities by compelling the Soviets, through our 
own military supcnoritv, to follow similar 
lines. It is, in my opinion, a courageous ex- 
ample of tough minded coolly logical think- 
ing demanded in solving our complex- de- 
fense problems. 

But this policy, in effect, means that wc 
will have to match if not surpass the 
Soviets in every field of military significance, 
and this is where Mr. McNamara’s actions 
do not conform to his policy. Take the case 
of the RS-70 tri-sonic reconnaissance 
bomber, for example. Mr. McNamara views 
this plane as a "serious waste of the na- 
tion's resources.” As for myself. I must side 
with Air Force Chief of Staff Gen. Curtis E. 
LeMay and Rep. Carl Vinson, Chairman of 
the House Armed Services Committee, who 
view the production of the RS-70 as a vital 


Unbeatable Board 


, n the Air Force's i 

1 am prepared to defend my stand in term 
of Mr. McNamara’s own accepted doctrine 
First of all. due mostly to the Pentagon 


. when the BMEWS station in null 
aland, picked up a swarm of objec 
icir scopes and triggered a "Conditir 
" The only, thing that kept ns fro 
ng a war was the fact that Khrushchi 
n New York. If this happened agai 
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mned bi 
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deal 


that 


Your article (AW Dec. 3, p. 117) was 
very hilarious and/or pitiful, whichever view- 
point you choose. I lie Renegotiation Board 
is not just "formidable," they are evidently 
unbeatable, according to the decisions ac- 
credited to Judges Withcy and Mulronev. 

The Renegotiation Board was originally 
conceived from that great American fear of 
armament manufacturers making huge prof- 
its on war-making products. Many myths 
enhanced that conception. For a compari- 
son of profit margins, let’s take industries 
such as Tidcwatct Associated Oil and, sav, 
U. S. Steel Corp. In the oil and steel in- 
dustries you'll find net profits are between 
fifteen and twenty per cent of gross dolkir 
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sneak attack our missiles will still be usee 
only in a second nave. Our manned bomb 
ers will still strike the first blow, and rightly 
so, since only they can be recalled in case ol 
a false alarm. But it is painfully evident 
the Soviet defenses against our B-52s 
B-47s is now at its peak effectiveness, /so 
operational fleet of RS-70s would put a 
tremendous military and economic strain on 
Russia and this is one purpose of the 
McNamara doctrine. 

Secondly, our missiles, to the best of my 
knowledge, arc simply not accurate enough 
to be used solely and effectively against 
military targets. The Titan 1. fired under 
the most optimum conditions in its 1961 
test series, chalked up a circular error proba- 
bility (CEP) of .6s mi. Even granting a 
ground burst of a 20 megaton warhead ( the 
Titan's yield is well below 10 megatons), 
this accuracy is ineffective against widely 
dispersed underground missile silos. By con- 
trast, the accuracy of manned bombers, even 
with long range air-to-surfacc missiles is far 
more superior. When mobile targets, such 
as truck-launched ICBMs. arc considered, 
missiles become useless. Only manned 
bombers, with their dual ability to locate 
and destroy, would prove an effective coun- 
terforce against sucii weapons. 

Mr. McNamara does not seem to realize 
the enormity of the task he has chosen to 
undertake. The Russians already have a 
supersonic intercontinental bomber the size 
of our old B-36. A nuclear powered version 
of this same plane, the Bounder, is re- 
portedly under development to counter our 
Polaris subs. I firmly believe that if we arc 


tour anonymous "one ina|or aerospace 
contractor" fearful of "Gis-ing that away is 
giving a wav our guts," can rest more easilv: 
( 1 ) he was obviously never blessed with the 
intestinal items noted, and (2) whether Ire 
read it or not. the contract he signed with 
our government states clcarlv that if he 
made money-saving or technological devel- 
opments while working on a government 
contract he must make that information 

tors who request such information. 

For Judge Withcy's information, engi- 
neering and manufacturing know-how are as 
intangible as a ten dollar bill in your wallet 
that yon did not have to pay the Bureau of 
Internal Revenue. The Boeing Co. has been 
and is delivering the host dollar value per 
tax dollar spent with this corporation for 
more than a decade that I personally know 
of. I worked for the Boeing Co. from 1947 
to 1956 and. from preliminary design engi- 
neer to janitor, everyone was educated in 
ways and means of delivering to the govern- 
ment and the commercial customer the best 
engineered, most efficiently manufactured 
and correctly inspected products conceiv- 
able. 

A suggestion to Martin-Orlando’s value 
analysis team: costs arc easiest to control at 
or before a product is designed for produc- 
tion. The seventy per cent saving they claim 
lo have made was due mostly to a predict- 
able fact known as a learning or experience 

Since Robert S. McNamara is already 
spending my daughter's tax money on cur- 
rent defense needs. 1 can only wish him 
success in his efforts to accomplish the econ- 
omy lie has promised President Kennedy. 
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on the Mariner Probe 
correction engine cutoff 


Bell Velocity Meier No. I 

Rocket Engine cutolf twice 
first for the parking orbit 


Venus trn|ectory mint lion 


VeLOCITY 

corrrroL 


BELL VELOCITY METERS COINTUOL MARINER, RANGER . . . 


A Bell Digital Velocity Meter (with its Bell Model Hl-b 
accelerometer) integrated acceleration to provide critical 
velocity data for both Agena rocket engine cutoffs in the suc- 
cessful Mariner flight. A second type of Bell-built digital 
velocity meter in the Venus-bound probe functioned in the 
mid-course correction. 

Bell has built more than 100 velocity meters for use in impor- 
tant space programs. More than 25 of these velocity meters 
have already been utilized in space shots. Every one has 
performed flawlessly. Over 1,000 Bell accelerometers, the 
heart of the Bell Digital Velocity Meters, have demonstrated 
their precision and reliability in actual service. 

Bell can provide velocity meters for rocket engine cutoff 
control as well as for use on inertial platforms. The velocity 
meters were originally developed for use as part of the Bell 
family of Hipernas (High PERformance NAvigation Systems) 
guidance and attitude reference systems. 

The digital velocity meters used in the Mariner are considered 
space building blocks because of their accuracy and versatility. 
The cutoff velocity can be inserted in the digital integrator by 


telemetry if a reprogramming in orbit is desired. The accumu- 
lated velocity can be telemetered from the vehicle upon com- 
mand. More than one cutoff velocity can be loaded prior to 
launch and each utilized during different engine burns. These 
and other features can be provided utilizing proven circuitry 
and techniques. 

Advanced digital velocity meters are currently being labora- 
tory proven. Velocity meters can be furnished weighing less 
than 5 pounds including the digital integrator and comparator. 
These units will withstand even the most rigorous environ- 
mental conditions. Inquiries are invited. 


to 
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How the Phantom Affects Multiple -Mission Economy 


Defense planners, seeking to increase the combat capability 
of fighter aircraft squadrons, quickly recognize the economic advantages of a 
single aircraft capable of performing a variety of combat missions. 

The McDonnell Phantom n has demonstrated its adaptability to five major combat missions: 
Air Defense, Air Superiority, Long Range Attack, Tactical Ground Support 
and Tactical Reconnaissance. Here’s how: 


World Record Performance: The Phantom n 
has set 15 world speed and altitude records 
including all eight time-to-climb marks. It has 
achieved a top speed of over 1650 mph, climbed 
to over 100,000 feet. 

World Wide Range: Operating from carriers or 
existing suitable friendly land bases, the 
Phantom n can deliver ground strike weapons 
over 92% of the earth’s surface. As an air 
superiority fighter, its combat range extends 
over 96% of the earth’s surface. 


Multiple-Mission Armament: The Phantom n 
can deliver Sparrow m, Sidewinder, Bullpup 
missiles, 2.75 inch Mighty Mouse rockets, con- 
ventional bombs, napalm, or nuclear stores. 

Multiple-Service Acceptance: The Phantom n 
is now fulfilling air defense, air superiority and 
long range attack missions for the United States 
Navy and Marines. The Phantom n has also 
been selected by the Air Force to augment the 
tactical strike and reconnaissance capability of 
that service. 


AfCDOA/JVLi-i. , Phantom u Fighter, Attack and Reconnaissance Aircraft • 

Mercury, Gemini, Asset and Aerobal/istic Spacecraft • Ta/os and Typhon Missile Airframes and Engines • 
Electronic Systems and Equipment • Automation ST - lol 



Engineers and Scientists: Employment opportunities exist at McDonnell, prime contractor on projects in the national interest such as MERCURY, ASSET, 
GEMINI, and PHANTOM II. An Equal Opportunity Employer. For information, write: Professional Placement, McDonnell, Dept, aw, Box 516, St. Louis 66, Mo. 


